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renort contains analyses of cumulative deaths cccurring up to 31 Cecamber
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1237. Thesa data show no statistical differance between the cumulative mortal-
ity of 1,231 Ranch Hands and that of 0,250 matched Comparisons and the entire
cooulation of 19,101 Comparisons. To aate, 5.3% of the Ranch Hands, 6.02% of
=n2 matcned Ceomparisons and 5.44% of the Comparison popuiation have died.

" T2 overall cumulative mortality of the Ranch Hands remains statistically
indistinguishable rrom that of both their matched Comparisons and the 2ntire
Csomparison population, although there is a statisticaily significant increasing
tr2nd in post-1983 death rates among Ranch Hand flving officers and a statisti-
cally significant increase in Ranch Hand digestive system deaths relative to

the Comparison population; these findings are not suggestive ¢f a herbicide
affect. Ranch Hands are equivalent to all Comparisons in cumulative accidental,

b 3 7 + L4 .f‘ . - n\‘ !
malignant neoplasm and circulatory system mortality f<Q—Lg’LiJL«(A(SSSL
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Executive Surmary

Aa 2vatuation of data through 31 Dacember 1257 {cartified 3s of 15 June
L..3) nas founa a2 statistical diffarence between tne cuwu.atwve morzalicy
o8 1,231 Ranzh Hands and that of 5,220 matchad Ceaparisens and the antire
:u;ulgtisn of 12,101 Comrarisons. Ti2 cveral] adiustzd Ranch Hand mortaliity

=172 is 2,31 d2aths per 1000 oerscn-yairs and the corressonding =31:3s Tor tha
tined Comparisons and the Comparison popu]ar1,n ara 2.74 ind 2.47 deaths per
gJ perscn-years raspectively. To data, 5.87% of the lanch Hands, 5.02%

ra matched Comparisons and 5.34% of the Comparison population have died.

Restriction to deaths occurring aftar 1983, however shows a statistically
sinificant increasing trend in the standardizad mortality ratlo (31R), unad-
justed for year of birth, during the years 1983 through 1987 among flying
officers, flyers, ovficers and all personnel. The trends in flyers, officers
and all personnel are attributed to the increasing trend among flying officers
4h2rein the calendar vear-specific SMR's were .00 in 1983, 0.59 in 1984, 0.39
in 1085, 2.80 in 1385 and 1.75 in 1987. This pattern is due to unusually low
Ranch Hand death rates prior to 1986 and increased numbers of Ranch Hand circu-
tatory and malignant neoplasm deaths during 1986 and 1987. However, Rancn Hand
nalignant neoplasm deaths in this stratum during 1586 and 1937 are not restricted
t0 1 particular anatomic site or cancer type. Additiomally, current TCOD assay
results suggest that flying officers were among the least exposed of ali Ranch
“and personnel. These trends could not be analyzed with respect to the exposure
index due to sparseness. Although they appear unrelated to herbicide exposure,
thase resuits remain unexplained at this time. Continued surveillance {s indi-
cated to determine whether this trand continues.

This evaluation diffars from previous statistical contrasts of Ranch tland
ind Comparison mortality in that the mortality experience of the entire Compar-
ison population has been detarminad as the standard for assessing Ranch Hand
mortality. This expansion of the mortalitv study was prompted by an analysis
of mortality through 31 Decamber 1983 which revealed heterogeneity within the
cchort of matched Comparisons.

All analyses in this update contrast Ranch Hand mortality with that of
tne matched Comparizons of previous reports as well as with the mortality of
the entire Comparisnn nopulation. The results of both assessments are similar,
with the overall adjusted refative risks assessing Ranch Hand cumulative mor-
tality with matched Comparisons an¢ -'ith all Comparisons estimated as 1.CO0 and
1.C1, respectively.

Adjusted cumulative cause-specific analyses reveal group equivalence in
accidental, malignant neoplasm and circulatory deaths. bLigestive systam deaths
are statistically significantly more frequent in anch Hands {unadjusted
SHR=2.7, P=0.01) relative to the Comparison population. However, five of the
six Ranch Hand digestive system deaths were attributable to alcohol cunsumption
and, therefore, this finding is considered unrelated to herbicide axpoasurn.

Analyses of Ranch Hand mortaiity versus exposure to dioxin, as estimated
by the Air Force exposure index, reveal no significant association Sz2tween
mortaiity and exposure.



overall cumulativa mortality of the Ranch Hangs remains

a <onclusion, the
tically "ndistinguisnabie from that of ooth their matched Comparisons and
tire Comparison population, although there is a statistically significant
sing trend in 20s5t-1383 death rates among Ranch Hand rlying officars and
1stically significant increase in Ranch Hand digestive system deaths

ve to tha Cowparison population; these Tindings ar2 not sugjestive of a
cide effact. Ranch dands are eguivalert to all Comparisons in cumulative
accidental, malignant neoplasm and circulatory sysiam mortality.
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This raonort updates the findings of the Air Force Health Study basaline
sortality repert [1] relzased on June 20, 1383. Other updates wer2 released
in 1924 [27, 1335 (3] and 1333 [4]. The reader is revarred to the baseline
~nert vor information rooardxng the study design, the mortality detarmination
orecass and previous findings.

This report diffars from Srevious reports in that the entire Comrarison
‘““uidt1un has been incornoratad in the mortality detarmination. This axpan-
sizn has allowed the app]ication of statistical proceduras that accommodate
soculation death rates to ccmpare cbserved and expected numbers of deaths with
:djustment for calendar period as well as age at death, rank and cccupation.
Additionally, small increases in the number of Ranch Hands have occurred as
aduitional Ranch Hands were recantly determined to be eligible for inclusicn
in the study. As these new Ranch Hands were added to the study, newly matched
Ccmparisons were added to the matched Comparison cohort. Thus, the group sizss
in this raeport differ somewhat frcm these in previocus mortality reports. These
analyses also differ frcm those shown in previous reports because tour dates
ware determined for all Ranch Hands and their matched Comparisons, aliowing the
aporopriate mortality contrasts referenced from date of tour as well as freom
date of birth.

Tour dates for unmatched Comparisons were randomly generated to permit
analyses and report writing to take place while tour date determination for
this expanded group continues. These artificial dates were produced by a
random number generator and are uniformly distributed over the range November
1356 to Cctober 1971. This range corresponds to the range of matched Comparison
tour dates. Thus, while death rates refarenced to tour date are only apprexi-
mate for the unmatched Comparisons, they are considered adequate for reference
with Ranch Hand rates. The effact of the use of these artificial tour dates
for unmatched Comparisons 1s negligible, as eviZenced by the near equivalence
of Ranch Hand versus Comparison mortality contrasts both with and without the
use of tour date information.

Changes in the Ranch Hand and matched Comparison cohort are documented
in Table 1, which shows all additions to both groups since 1983. In Table 1,
counts of matched Ccmparisons actuaily included in previous mortality reports
ire labeled with the heading Cl1-C5 and the total matched Ccmparison cohort is
Tabeled C1~-C10 bacause the Protocol specified that up to 10 Comparisons were
to be matched to each Ranch Hand on date of birth, rank, race and occupation
and that a random 5 from each match set were to be used as mertality Ccmpari-
sons. At baseline, 1,247 Ranch Hands were identified, to which 9,382 Compari-
sons were matched. Of the matched 9,982 Comparisons, five in each match set
were randemly selectad to produce a baseline mortality Ccmparison cohort of
6,171 Comparisons. The total Comparison population numbers 19,101 individuals,
10,133 matched and 3,368 unmatched to Ranch Hands.
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Ranch Hand and Comparison Counts, 1333 - 1222

Tity AN
rt lanch Hand Cl-C5 Ci-Cl0 Cemparisons

Z3s2linea

ZC dune 33 1247 3171 5932 12131
Update

27 Juiy 34 1236 6171 5932 13101
Update

15 July 85 1257 , 8171 9382 153101
Update

25 Dec 86 1257 6171 9982 19101

Current Update 1261 6250 10133 13101

The increase in the Cl1-C5 cohort from 6,171 to 6.250 and the increase
in the C1-Cl0 total matched cohort from 9,982 tc 10,133 occurred when 151 Com-

parisons were matched to the 4 newly discovered Ranch Hanas and 15 previously
unmatched Ranch Hands in 1988.

Since the 1986 update, the mortality determination process has been
2xtended to the entire Comparison population to address concerns that the
mortality experience of the C1-C5 matched Comparison cohort might not be repre-
sentative of the mortality of all matched Comparisons. This expansion of the
Comparison group to the entire Comparison population occurred after concurrence
by the Advisory Committee appointed by the Agant Orange Working Group. Their
cecision was motivated by data, shown later in this section, that suggested
that the mortality experience of the C1-C5 Comparison cohort was, purely by
chance, not representative of the mortality experience of the entire matched
Comparison cohort.

This report, therefore, contrasts Ranch Hand mortality with that af the
entire Ccmparison population of 19,101 Comparisons who flew or serviced C-130
cargo aircraft in Southeast Asfa during the same calendar period that the
Ranch Hand unit was uctive in Vietnam. Except wnere necessary to relate to
the December 1983 report, lerngth of 1ife is measurad from the start date of
the qualifying tour of duty, rather than from the birth date, as in previous
reports. These new data hava allnwed the presentation of death rates per
percon-year, a new statistic in these mortality updates. To ease the transition
from previous reports, Ranch Hand mortality 1s also contrasted with the Cl1-C5
subcohort of Comparisons, as in previovusly presented analyses. Throughout this
report, C1-C5 refers to the 6,250 matched Comparisons and “all Comparisons”
refers to the entire popuiation of 19,101 Comparisons.




Tha analyses in this rescort are basad on cumuiacive mortality as of
T~

bar 1987 {veritied as of 13 June 1983). Table 2 shows summary counts,
years and “eath ratas by group (Ranch Hand, C1-C5, A1l Cemparisonsi;
siiows these summary statistics by group, rank and occupation. In

s 2 through 3 and Table 8, the column headed "Rate (%)" shows percent
{(nuinber dead/number at risk) *1C0}, a statistic displayad in previous
ality updatas and now suoplantad by death rate per 1000 person-years.
zushout this report person-y2ars are measurad from tour siart date. In

a zaplas, columns of death rates per 10CO perscn-years are simply neaded

Sy che word "Rat2" {without the % symbol).

In the hypothetical case that the Ranch Hand mortality experience is the
same as that of the Comparisons about 53 of the many statistical analyces shown
in this report should be expected to procduce P-values iess than 0.05. The
svsarvation of significant results due to multiple testing on the same data,
aven when there is no group ditference, is known as the multiple testing arti-
fact and is common to all large studies. Unfortunately, there is no statistical
srocedure available to distinguish between tiose statistically significant
results that arise because of multiple testing and those which may arise due to
a herbicide effect. Hence, each significant result is scrutinized with regard
+o concomitant information to determine whether the result can be reasonably
attributed to herbicide exposure.

A person-year is the length of time lived by one person in one year. The
total number of person-years for a cohort is the tectal length of life lived by
the cohort. Persons surviving to the time of data analysis contridute the
time, in years, between thne dates of entry into follow-up and data analysis.
Parsons known to have died before the date of data analysis contribute the time,
in years, between the dates of entry into follow-up and death. In this study,
the date of entry into follow-up is the date of tne start of the first qualify-
ing tour of duty. The date of data analysis is, effectively, 31 December 1987,
the end of the 1987 calendar year. Throughout this report, person-years are
rounded to the nearest year and are sometimes abbreviated as "P Y“ in table
headings.

TABLE 2

Summary Counts by Group. All Personnel

Number Number Rate Parson- Rate Per 1000
Group at Risk Dead (%) years Person-years
Ranch Hand 1251 74 5.87 24964 2.96
C1-CS 6250 376 6.02 126291 . 2.98
A1l Comp 19101 1039 5.44 413726 2.51
3

—
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1035
2833

Number
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€48
3211
8073

Humber
it Risk

25
123
286

lumber
a1t sk

387
2915
10737

Siying Officers

.mher Rata
Saad %)
25 3.57
21 3.23
213 3.0

Enlisted Flyers

Mumber Rate
Dead (%)
12 5.20
a3 8.02
202 7.13
All Flyers
Number Rate
Dead {3) -
37 5.71
203 6.35
521 6.45

Nonflying Officars

Number Rate
Dead (%)

1 3.85

6 4.34

15 5.24

Number Rate

Dead {(32)
36 6.13
166 5.69
503 4.88
4

occupation
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LT

3725
42242
110304

Person-
years

4112
20771
60292

Person-
years

12348
04612
170556

Person-
years

512
2561
6135

Nonflying Enl sted Parsonnel

Person-
years

11604
53117
236545
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Rate Per 10C02
Person-years

2.92
4.00
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3.05

Rate Per 1000
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Rate Per .00
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Summary Count. . 3roup, Rank and Occupation

‘ durpar Aumber Rate Paerson- Rata Per 1CCO
30U at Risk D2ad (%) years Parson=-vaars
nangh dand o1 37 5.04 12113 3.85
Slesd 337 172 5.50 51573 2.73
AT Semp 11823 313 4,70 2343130 2.13
A1l Enlistad Parsonnel
Hunber Number Rata Person- Ratas Per 1000
Group at R¥sk Cead (%) years Person-years
Ranch Hand 734 48 .CE 15715 3.05
C1~C5 3920 249 §.30 75838 3.12
All Comp 1337C 705 5.19 257237 2.37
AlY Officers
dumber Humber Rate Person- Rata Per 1000
Graup at Risk Dead i3 years Pearson=-years
Ranch Hand . 467 25 5.57 5248 2.81
Cl-C5 22c0 127 5.32 46403 2.74
A1l Ccmp 5531 334 6.04 115483 2.37

Cccupation and race-specific mortality is summarized in Table 4. Some
Ranch Hand death rates in Table 4 appear unusually high. For example, the Ranch
Hand death rata among Black enlisted flyers is 13.46 and the corresponding rate
for a1l Comparison deaths in this stratum is 4.40 deaths per 1000 person-years
{$1R=3,05, P=0.02). These deaths are too infrequent to computs a confidence
intarval. The tour Ranch Hand deaths in this str2tum have occurred since 1380.
Cae of the 4 deaths was a suicide, 1 was accidentai, 1 was due to a digestive
systam disease and 1 was due to ill-defined causes. The increased Ranch Hand
d2ath rite in this stratum therefore remains unexplained but appears unrelated
to herbicide exposure.

TABLE 4
Summary Counts by Group, Race-Spesific Mortality

Nonblack Pilots

Humber Hdumber Rate Person- Rata Per 1000
Group at Risk Gead (%) years Parson-years
2anch Hand 351 20 5.70 5937 2.88
£1-C5 1749 101 5.77 35169 2.387
All Comp 3419 231 6.7€ 70034 3.30
5
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Lummary Cgunts hy Group, Facz-3gacitic siortolicy

ionblack Navi.aters

iumher Jdumber  Rata Farion- Qata Per 1CCO
ircun 1% Risk Sead (%) 72ars Parson-years
*aneh Hand 32 3 3.1 1247 3.34
£1-u3 103 z 4.3% 3lo4 2.44
A1l Comp 1774 37 4.5 39105 2.22
Nonblack Nonflying Officers
Number Number Rate Person- Rate Per 10CO
Group at Risk Dead (%) years Persen-vears
Ranch Hand 25 1 4.00 i34 2.03
€l-C5 122 6 4,92 2522 z.38
Al Cemp 232 15 5.32 50G# 2.46
Nonblack Enlisted Flyers
jumber Humber Rata Person- Rat2 Per 1000
Group at 2isk Dead (%) years Parscn-years
2anch Hand 192 8 4.17 3815 2.10
C1-C5 960 72 7.50 13295 3.73
All Comp 2509 181 5.3%4 55523 3.26
Nonblack Nonflying Enlisted Personnel
Humbey Number Rate Person- Rata Per 10C0
Group at Risk Dead (%) yaars Person-years
Ranch Hand 534 34 6.37 105357 3.22
C1-C5 25655 152 5.73 53828 2.32
Al1 Cemp 3701 444 4.53 214208 2.07
Black Pil:ts
Humber Mumber Rate Person Rate Per 10C0
Group at Risk Dead (%) years Person-years
Ranch Hand 5 0 9.00 115 0.C0
C1-C5 13 0 0.00 263 0.00
A1l Comp 20 1 5.00 45?2 2.21
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3Tack Navigators

Number ata P2rson-
Dead (% J2ars
0 0.31 28
Q 0.0 213
0] 0.30 714

3lack Nonfiying Officers

Humber
at Risk

Number
.at Risk

15
75
224

Number Rate Person-
Dead (%) years
0 0.00 . 19
0 0.00 39
0 0.00 28

Black Enlisted Flyers

Number Rate Parson-
Dead (%) years
3 26.87 297
11 14.57 1475
21 9.28 4759

Black Nonflying Enlistad Perscnnel

Number
at Risk

53
26GC
1036

Number Rata Parson-
Cead (%) ¥2ars
2 3.77 1C47
14 5.38 52839
59 5.69 22739
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Ceaths occurring during the calendar years 1986 and 1987 are shown in

Corresponding tables for the years 1983, 13584 and 1985 are
shown in the Appendix.

Tables 5 and 6.
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J2atihs Curing 1%86
Summary Counts and Ratzs Sy Rank,
Cccupaticn and Group I

Flying Officers

lumber Number Rata Parson- Rata Per 1000

SGroup at sk Dead (%) years Parson-years
lanch Hand 428 5 1.13 422 11.34
Cl1-C5 2C59 4 0.19 2067 1.94
A1l Cemp 4974 21 0.42 4952 4.23

Enlisted Flyers

Number Number Rate Person- Rate Per 1000
Group at Risk Dead (%) years Person-years
Ranch Hand 197 1 0.51 197 5.08
C1-C5 963 8 0.33 958 8.35
A1l Ccmp 2659 18 0.68 2652 6.79
All Flyers _
Number Number Ra‘e Person- Rate Per 1000
Group at Risk Uead (%) years Person-years
Ranch Hand 622 0 0.96 619 9.70
Cl-C5 3032 12 0.40 3026 3.97
A1l Comp 7633 39 0.51 7614 5.12

Nonf1y1ng'0ff1cers

Number Number Rate Fersun- Rate Per 1000

Group at Rick Dead (%) years Person-years
Ranch Hand 25 0 0.C0 25 0.00
C1-C5 121 0 0.00 121 0.00
A1l Comp 277 2 0.72 276 7.24



TABLE 5 (Cont'd)
Ceaths During 1986 )

Summary Counts and Rates by Rank,
Occupation and Group

Nonflying cnlisted Personnel

[ NI .

Number Humber Rate Person- Rate Per 1CCO
Group at Risk Dead (%) years Person-years
Ranch Hand 555 3 0.54 553 5.42
C1-C5 2776 13 0.47 2770 4.89
A1l Cemp 10306 35 0.24 10290 3.40
All Nonflyers
Number Number Rate Person- Rate Per 1000
Group at Risk Dead (%) years Person-years
Ranch Hand 580 3 0.52 578 £.19
€1-C5 2897 13 0.45 2891 4.50
All Comp 10583 37 0.35 10568 3.50
A1l Personnel
Number Number Rate Person- Rate Per 1000
Group at Risk Dead (%) years Person-years
Ranch Hand 1202 9 0.75 1197 7.52
C1-C5 5929 25 . 0.42 5916 4,23
A1l Comp 18216 76 0.42 18180 4.18
TASLE 6
Deaths During 1987
Summary Counts and Rates by Rank,
Occupation and Group
Flying Officers
Number Number Rate Person- Rate Per 1000
Group at Risk Dead (%) years Person-years
Ranch Hand 420 4 0.95 419 9.54
€1-C5 2065 10 0.48 2061 4.85
A1l Comp 4953 27 0.55 4940 5.47
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TABLE 6 (Cont'a)
Deaths During 1327 i
Sutmary Counts and Ratas by Rank,
Occupation and 3reup

gnlistad Flyers

Number Number Rate Parson-
at Risk Dead (%) Jears
196 1 0.51 196
355 3 0.31 554
2541 10 0.38 2935

All Flyers
Number Nuinber Rate Person=-
at Risk Dead (%) years
616 5 0.81 615
3020 13 0.43 3014
7534 37 0.49 7576
Nonflying Officers
Number Number Rate Person-
at Risk Dead (2) years
25 0 0.00 25
121 3 2.48 120
275 4 1.45 273

Nonflying Enlisted Personnel

Number Number Rate Person-
at Risk Dead (%) years
552 1 0.18 551
2763 14 0.51 2756

10271 37 0.36 10254
A1l Nonflyers
Number Number Rate Person-
at Risk Dead (%) years
577 1 0.17 576
2884 17 0.59 2876
10546 41 32.39 10527

10

Ra%te Per 1CCO
Parson-years

5.11
3.35
3.79

Rate Per 1000
Person-years

8.13
4.31
4.38

Rate Per 1000
Person-years

0.Co
25.02
14.65

Rate Per 1000
Person-years

1.81
5.C8
3.61

Rate Per 1000
Person-years

1.74
£.91
3.39




TABLE 6 (Cont'd)
Deaths During 1987
Summary Counts and Rates by Rank,
Occupation and Greoup

All Personnel

Humber Number Rate ferson= Rata Per 10CQ

Group at Risk Dead (%) years Person-years
Ranch Hand 1193 6 n.so 1191 5.04
€1-C5 5504 30 0.51 58920 5.09
All Cemp 18140 78 0.43 18102 4.31
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2. Cl-C3 VERSUS C6-Cl0 ANALYSES

Juring the analyses for the 1984 mortality update, Air Force statisticians
racaived a mortality database on the entire matched Comparison conert, consist-
ing at that time of 9932 records. In each matched set, the Comparisons included
in the previous mortality reports are referred to as the C1-C5 Comparisons.

The remaining matched Comparisons are called the C6-Ci0 Ccmparisons. When

Ranch Hand versus Comparison analysis results changed after introducing the new
Ccmparisons, it was found that the Cl1-C5 Ccmparisons appeared statistically
diffarent, with respect to their mortality 2xperience, from the C5-Ci0 matched
Ccmparisons. The Cl1-C3 and C6-C10 Comparisons were contrasted via logrank tests
and Mantel-Haenszel relative risks using S-year age stratification within levels
of rank and occupation. The results of those analyses, on data available for
the 1984 update (cumulative deaths up to 31 December 1983, verified as of 15
Apri) 1984) are shown in Table 7. Throughout this report the abbreviation for
confidence interval is C I.

TABLE 7
Logrank Test Results Comparing C1-C5 with C6-C10 on

Cumulative Deaths Occurring on or Before 31 December 1983
and Verified as of 15 June 1984, Survival Measured from 3irth

Logrank Mantel-Haenszel

Race Occupation Test P-value Relative Risk 95% C ! P-value
Non- Pilots -1.60 0.11 0.72 (0.26,2.00) 0.52
black Navigators ° 0.47 0.63 1.21 (0.29,4.96) 0.79

Nonflying Officers

Enlisted Fiyers -1.53 0.13 0.70 (0.24,2.02) 0.51

Nonflying Enlisted 2.15 0.03 1.55 (0.35,6.79) 0.56
Black Pilots

Navigators

Nonflying Ovficars

_Enlisted Flyers 1.59 0.11 4.38 (0.36,52.96) 0.25

Nonflying Enlisted C.45 0.55 1.24 (0.25,5£.02) C.14

These results suggested that nonblack enlisted nonflying Comparisons in
the C1-C5 cohort were dying at a younger age than the corresponding nonblack
enlisted nonflying C6-C10 Comparisons. The relative risk fer this group, while
elevated (RR=1.55), was not significantly different from unity. These analyses
suggest that the Cl1-C5 Comparison cohort was representative of the C1-Cl0
matched cohort in all but the nonblack enlisted nonflying stratum. In the non-
black enlisted nonflying stratum, the C1-C5 mortality appeared worse than expected
relative to the C6-C10 mortality and so Ranch Hand mortality in the stratum
would appear more favorable than expected relative to their C1-C5 Comparisons.
Based on these data, Air Force Principal Investigators recommended the expansion
of the mortality study to the entire matciied Comparison cohort. The Advisory
Committee concurred that expansion was appropriate but asked that the mortality
study include the entire Comparison population.

12
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contrast of the Cl1-C5 and C5-C10 Comparison mortality using current data
was 311so carried cut. Summary counts, person-years and death rat2s are shown
in Table 8. Analytical results ars shown in Table ¢ with mortaiity measured from
birth and from tour start date. :

M
Y
b
i

Stratum-Specific Counts, Perscn-vears and Death Rates
for C1-C5 and C6-C10 Ccmparisons
Person-years Computed from Tour Start Date

Monblack Pilots

Number Number Rate Person- Rate Per 1000
Group at Risk Dead (%) years Person-years
C1-C5 1749 101 5.77 35169 2.87
£5-Cl0 1175 92 7.83 23398 3.93

Nonblack Navigators

Number Number Rate Person- Rate Per 1000
Group at Risk ~ Dead (%) years Person-years
€1-CS 404 - 20 4.95 8134 2.44
£5-C10 310 | 13 4.19 §354 2.05

Nonblack Nonflying Officers

Number Number Rate Person- Rate Per 1000
Group at Risk Dead (%) years Person-years
C1-C5 , 122 6 4.92 2522 2.38
C5-C10 43 1 2.33 897 1.11

Nonblack Enlisted Flyers

Number Number Rate Person- Rate Per 1000
Group at Risk Dead (%) years Person-years
Cl-C5 960 72 7.50 19295 3.73
C6-C10 723 72 9.96 14386 5.00

Nonblack Nonflying Enlisted Personnel

Number Mumber Rate Person- Rate Per 1000
Group at Risk Dead (%) years Person-years
Ci-C5 2655 152 5.73 53828 2.82
C5-C10 1420 65 4,58 29264 2.22

13
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Ci-C5

£5-C10

Group

C1-C5
C6-Cl0

Group

C1-C5
€5-C10

Group

C1-C5
€6-C10

Group

Cl-C5
C6-C10

RS L e

TAZLE 3 (Cenzt'al
Stratum-Specific Counts, Person-vears and Jdeath Rates
for C1-C5 and C3-CL0 Ccaparisons
Pz2rson-years Computed from Tour Start Date

37ack Pilo%s

dunher Mrbar ata 2arson- Rate Par 1CCO
it Risk cead {2) 4R3rs PRrson-years
13 0 0.C0 269 0.C0
1 0 0.C0 24 0.00

Black Navigators

Number Number Rata Person- Rate Per 1000
at Risk Dead (%) /ears Perscn-years
1 0 0.c0 219 0.00
9 0 0.00 197 0.00

8lack Nonflying Officers

Number Number Rate Person~ Rate Per 10C0
at Risk Dead (%) years Person-years
2 0 - 0.00 39 0.c0
0 0 0.C0 0 0.00

Black Enlisted Flyers

Number Number Rate Person- Rate Per 1000
at Risk Dead (%) years Person-years
75 11 14.67 1475 7.46
6 2 3.57 1162 1.72

Black Nonflying Enlisted Personnel

Number Number Rate Person- Rate Per 1000
at Risk Dead (%) years Person-years
250 14 5.3 5289 2.35

146 8 5.48 2933 2.73

14
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Logrank Test Results Comparing Cl-C5 with £5-C10 on
Cumulative Deaths Qccurring on or Before 31 Dacamber 1987
and Yerified as of 15 Juns 1538, Survival Measured trom Birth
and from Tour Start Data

Logrank Mantel-Haenszel
From 8irta ~ Frem Tour Odds

Race  Cccupation Test P-value Test P-value Ratio 953 C I P-value
on-  Pilots -2.2% 0.02 -2.11 0.04 0.71 (0.32,1.57) 0.40
black Navigators 0.48" 0.83 0.55 0.38 1.17 (0.37,3.70) 0.78

Nonflying Officers 0.71 0.47 0.66 0.51 2.17 (0.25,18.5) 0.48

Enlisted Flyers -2.23 0.02 -2.12 0.03 0.71 (0.27,1.85) 0.49

wonflying Enlisted 1.57 0.11 1.42 0.16 1.26 (0.14,11.5) 0.83
3lack Pilots

Navigators

donflying Officers

Enlisted Flyers 2.05 0.04 2.09 0.04 4.64 (0.98,21.8) 0.05

Nonflying Enlisted -0.13 0.30 -0.17 0.86 0.93 (0.23,3.77) 0.92

It is noted that the previously statistically significant contrast for
nonblack enlisted nonflying personnel is no longer significant although the C1-C5
to C6-C10 mortality odds ratio, 1.26, indicates a nonsignificant elevation
of risk of death in the C1-C5 relative to the C6-C10 cohort in the nonblack
nonflying enlisted personnel stratum. Additionally, the previously nonsignifi-
cant difference between C1-C5 and C6-C10 nonblack pilois is now statistically
significant with logrank testing, whether survival is measured from birth
{P=0.02) or from tour start date (P=0.04). Significant C1-C5 versus C6-Cl0
logrank differences are also seen in nonblack and black enlisted flyers. When
only counts of death are considered, all rank and occupation-specific C1-C5
versus C6-C10 Mantel-Haenszel contrasts are not statistically significant,
although the elavated C1-C5 versus C6-Cl0 odds ratio, 4.64, among black enlisted
flyers is borderline significant (P=0.05). The negative logrank tests and odas
ratios less than unity among nonblack pilots, nonblack enlisted flyers and black
nontiying enlisted personnel indicate tnat C1-C5 personnel in these catsgories
are living longer and dying in fewer numbers than their C6~-Cl0 counterparts.
These results support the conclusicn that the Cl-C5 and C6-C10 mortality experi-
ances are not comparable.

Eased on these results, the mortality determination was expanded to the
entire Comparison population.

15




4—1-----------1:%'T

-

3. RANCH HAND VEKSUS CCMPARISON NCONCAUSE-SPECIFIC ANALYSES

Survival contrasts were carried out oetween Ranch Hands and their C1-C3
matched Comparisons ana between Ranch Hands and the entire population of (cm-
parisons. CLach analysis i35 presented with and without adjustment for the
covariates of rank (orfficar, eniistad), occupation (flying, nonflying) and date
| af dirth. All analyses are unaajustsd for racz due to %tne small proncrtion of
| blecks. A suimary of the kinds of analyses carried out is shown in Table 10.
Adjustments include date of birth (D0B), occupation (flying, nonflying), rank
(orficer, enlisted) and tour start Jdate (tour date). Unadjustad contrasts of
Xanch Hand and C1-C5 Comparisons reflect partial adjustment due to the matching
of Cl-C3 Ccmparisons to Ranch rands on date of birth, rank, racz and cccupation.

Such adjustment is simply indicated as "matching”. Table 10 gives a summary of
these methods.

TABLE 10

Analytical Method Summary

Contrast Method Adjustments
RH vs C1-C5 Two-sample survival curves Matching
Two-sample adjusted linear rank tests DOB, race, rank, 3
occunation,
sucvival time
Two-sample adjusted SMR poB, rank,
noccupation,
tour date.
survival time
Two-sample unadjusted odds ratio Matching
Two-sample adjusted odds ratio pOB, rank,
occcupation,
tour date
RH vs Two-sample survival curves None
A1l Comp
Two-sample adjus*ed linear rank tests DCB, rank,
occupation

survival time

16




gontrast

R
A1l Cemp

TABLE 10 (Cont'd)

Anaiytical Methed Summary

Method

Two-sample adjusted S¥R

Two-sample unadjusted odds ratio

Two-sample adjusted odds ratio

One-sample unadjusted SMR

Cne-sample adjusted SMR with fixed
Comparisor death rates

Adjustments

bC3, rank,
occupation,
tour date
survival time

None

D03, rank,
occupation,
tour date

Tour date
survival time

D08, rank,
occupation,
tour date,
calendar *time
survival time

. The two-sample methods (linear rank tests, SMR [5] and odds ratio analyses)
treat the Ranch Hands and Comparisons as samples fron larger populations, even

thougn they are actually populations rather than random samples.

The adjusted

SR with fixed Comparison death rates [6] treats the Comparison population as
a population rather than as a sampie from a larger hypothetical population.
This is the mnst appropriate method of analysis now that the entire Comparison

population is available for reference with Ranch Hand mortality.

The two-sample

methods are repeated in the Ranch Hand versus All Ccmparison contrasts to ease

the transition betw2en this and previous mortality updates.

The Ejigou-McHugh odds ratio analysis [7] has been dropped and replaced
by logistic regression because i: has been recently shown [8] that the Ejigou-
AcHugh procedure may be viewed as a special case of conditional lcgistic
regression [9] and because conditional logistic regression has been shown to

yield the same results as logistic regression in these data.

The Ejigou-McHugh

method accommodates the matched design but does nct ntherwise adjust for the

matchiug variables {race, rank, occupation and date of birth).

Conditional

logistic regression may be viewed as a generalization of the Ejigou-McHugh
procedure in that it accommodates covariates and reduces to the Ejigou-McHugh
procedure in matched designs with no additional covariates and when there is
no mortality-by-covariate-by-group (Ranch Hand, Comparison) interaction.
Additionally, conditional logistic regression allows the investigation of

interactions whereas the Ejiqou-McHugh procedure does not.
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1 1TE2aDT was macde to -~eolice the lineiar riny orscagures with covariate

2d contrasis via the nronortioral hazar:s acc2i L1031, Cai-cguer? zasts
t11] and isscciated aiignostic plots wers apniiad to 1ssess megeling

cumpticns associated with the oroportional nhazarcs analysis. An application
th2 fully adjusted mocel %o the Ranch Hand versus Cl-(5 3Jata rfa2iled because

e datz of birth covariata cid nat satisfy the orocortional hacards assumntion.

rela2vant diagnostic plot is shown in the Appandix. The proporticral nazarsds

zssumption doas noid, however, for group (Ranch kand, Compariccn), with or

Without adjustrent rtor datz of birth, hence the calcilated lograink tests are
icoropriate summary statistics since they adjust for data of birth, rank and

cgsupation via stratirication.

Siurvival curves were calcuilated and plotted in Figures 1 through 10. In
these piots, the Ranch Hand curve is a power of the respective Comparison curve,
the power being the odds ratio estimated via application of the meihod cf
maximum lik2lihcod from the proportional hazards model. Figures 1 through 5
snow adjusted Ranch Hand and C1-C5 Comparison survival curves of the total
cohort and in each of the four marginal strata: officers, enlisted, flying
personn2l and nonflying personnel. Fiqures 6 through 10 show the correspondinj
plots for Ranch Hands versus all Comparisons. In every plot, survival is
measured from the start of the qualifying tour so the ordinate is interpreted
as the proportion surviving since start of tour. The corresponding nlots for
survival measured from birth rather than from tour start date are shown in the 1
Appendix. Also shown in the Appendix are norparametric (Kapian-Meier) plots
{12] with survival measured trom tour start da%*e and fron date of birth.
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Figure 1

Survival Curve Estimates
A11 Ranch Hands and Cl1-CS Comparisons
Survival frum Start of Tour
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Fisure 3

Survival Curve Istimatss
Ranch Hand and C1-C5 Comparisen Flyers
Survival from Start of Tour
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Figure 5
Survival Curve Estimates
Ranch Hands and C1-C5 Comparison Nonflyers
Survival from Start of Tour
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Tigure 5

Syrvival Curve Estimatas
A1l Ranch Hands and A1l Compariscns
Survival from Start of Tour
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Survival Curve Estimates
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Figure 10

Survival Curve Estimates
Ranch Hand and All Compariscn Nonflyers
Suryival from Start of Tour
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The survival curves are so close together in Figures 1 through 4 and 7
and 9 that there appears to be only a single curve in each of these figures.
This occurred because the Ranch Hand curve is the Comparison curve rajsed to
the Ranch Hand versus C1-C5 odds rutio power and these odds ratios are nearly
equal to unity. In general, the Ranch Hand and C1-CS Comparison curves are
closer together than the kanch Hand and all Comparison curves because matching
provides better adjustment than stratification.
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The linear rank procedures (logrank and Wilcoxon tests) contrasting Kanch
Hand with Cl1-C5 mortality and all Compariscn mortality are shown in Table 11
With survival medsured from tour start date. The corresponding results for
survival measured from date of birth are shown in Tablz 12.

TABLE 11
Logrank and Wilcoxon Tests Contrasting

Ranch Hand and Comparison Mortality with
Survival Measured from Tour Start Cate

C1-C5 Comparison A1l Comparison
Logrank Wilcoxon Logrank Wilcoxon
Group Test P-value Test P-value Test P-value Test P-value
Officer .31 0.75 0.26 0.80 0.21 0.83 0.16 0.87
Enlisted 0.07 0.94 0.11 0.91 0.89 0.37 0.9 0.34
F],Y'fng -0034 0‘74 ‘0-40 0069 "0-48 0-63 "0052 0060
Nonflying 0.68 0.49 0.74 0.46 1.73 0.08 1.79 0.07
Al 0.29 0.83 0.22 0.83 0.73 0.47 0.74 0.46
TABLE 12

Logrank and Wilccxon Tests Contrasting
Ranch-Hand and Comparison Mortalitv with
Survival Measured from Date of Birth

C1-L5 Comparison All Comparison
Logrank Wilcoxon Logrank Wilcoxon
Group " Test P-value Test P-value Test P-value Test P-value
Officer 0.00 1.00 -0.02 0.99 -0.35 0.73 -0.37 0.71
Enlisted -0.26 0.79 -0.25 .80 0.22 0.83 0.26 0.80
Flying -0.66 0.51 --0.70 90.48 -1.08 0.28 -1.12 0.26
Nonflying 0.34 0.74 0.37 0.71 1.09 0.28 1.13 0.26
Al -0.21 0.83 -0.22 0.82 -0.18 0.85 -0.18 0.686

Table 11 suggests that nonflying personnel in the Ranch Hand group are
dying sooner than their matched Comparisons (logrank = 0.68) when survival is
measured from tour start date, but that the difference is not statistically
significant (P=0.49). The same contrast for Ranch Hands versus all Comparisons
is borderline significant (logrank = 1.73, P=0.08). The negative values of
the logrank and Wilcoxon statistics for flyers in Table 11 indicate that Ranch
Jands in this stratum are 1iving longer than the Comparisons, but this is
easily attributed to chance (P=0.74). The corresponding results in Table 12,
for survival measured from date of birth, are generally nonsignificant with
some reversals relative to Table 9. The results in Table 11 are more appro-
priate than those in Table 12, however. Table 12 is shown only for comparison
with previous updates.
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Unadjusted odds ratio estimates, confidence intervals and P-values, con-
trasting Ranch Hand and C1-C5 Compariscon mortality overall and within each of
the four marginal strata, are shown in Table 13. The corresponding results for
lanch Hand versus all Ccmparisons are sihown in Table 14, The unadjusted odds
ratio astimate for the Ranch Hand versus all Comparison contrast was carried
out via the two-sample odds ratio estimate and also via the one-sample approach
(3] treating the Comparison population as fixed, in which the odds ratio is the
$UR, the ratio of the observed to the expected number of deaths.

TABLE 13
Unadjusted Odds Ratio Estimates Contrasting |
Ranch Hand with C1-C5 Mortality g
0dds Vﬂ
Stratum Ratio 95% C I P-value 1
Officer 1.01 (0.65, 1.56) 0.97
Enlisted 0.96 (0,59, 1.32) 0.78 L
Flying 0.89 (0.62, 1.28) 0.54
Honflying 1.07 (0.74, 1.54) 0.71
All _ 0.97 (0.75, 1.26) 0.84
TABLE 14

Unadjusted Cdds Ratio Estimates Contrasting
Ranch Hand and Ai1 Comparison Mortality,
with‘Person-years Computed from Tour Start Date

Two-sample Procedurs One-sample Procedure
Odds
Stratum Ratio 95% C I P-value Obs Exp SMR  P-value
Officer 0.92 (0.61, 1.38) 0.68 26 26.5 0.98 0.92
Enlisted 1.17 (0.87, 1.59) 0.30 48 38.4 1.24 0.12
Flying 0.88 (0.62, 1.24) 0.46 37 39.2 0.94 0.72
Nonflying 1.30 (0.92, 1.84) 0.13 37 25.8 1.43 0.03
All 1.08 (0.85, 1.38) 0.52 74 62.7 1.18 C.15

Table 13 demonstrates a near equivalence of Ranch Hand and C1-C5 mortality
without adjustment for covariates. The corresponding results in Table 14 are
very similar with the exception that the Ranch Hand nonflying personnel are
experiencing significantly more deaths than nonflying personnel in the Compar-
{son population (SMR=1.43, P=0.03) in the unadjusted one-sample analysis.




In the corrasponding adjusted two-sample analyses, odds ratios were
erained by stepwise logistic regression with group (Ranch Hand, Comparison),
2 of >irth, rank (officer, enlisted), occupation (flying, nontlying), tour
rt data and all pairwise products in the model. Each adjusted analysis was

2 i

oo O v
-1, W W ot & D

ed out with date of birth and tour start date entered as continuous vari-
s and again with date of birth and tour date dichotomized as prior to or
ar 1 January 1935 and 1 October 19656. The cut point for date of birth was
chosan to allow investigation of interactions discovered in the 1584 update;
tie cutpoint for tour start date is the median tour date in the combined Ranch
4and and Compariscn database. Adjustad two-sample contrasts of Ranch Hand and
C1-C5 nortality are summarized in Table 15. The corresponding summary of the
two-sample Ranch Hand and all Comparison mortality is shown in Table 16.

TABLE 15

Adjusted Two-sample Odds Ratio Estimates. Contrasting
Ranch Hand with Cl1-C5 Mortality

Dichotomized Date o Birth and Tour Start Dates

Odds Covariates and
Ratio 953 C I P-value Interactions (P-value)
1.60 (0.88, 1.14) 0.93 kRank (P<0.01)

Occupation (0.24)

Tour start (P<0.01)
Date of birth (P<0.01)
Occ by DOB (P<0.01)

Continuous Date of Birth and Tour Start Dates

1.00 (0.87, 1.14) 0.96 Rank (P<0.01)
Tour start (0.12).
Date of birth (P<0.01)

-

Date of birth and tour start date are uncorrelated in these data
(r-square = 0.0016), a fortunate circumstance that precludes concern about
multicollinearity. The lack of correlation is most l1ikely due to the rapid
turnover of personnel during the war.

26




TABLE 16

Adjusted Two-sample 0Odds Ratio Zstimates Contrasting
Ranch Hands with Al1 Comparisons

Dichotomized Date of Birth and Tour Start Dates

Cdds Covariates and
Ratio 953 C I P-value Interactions (P-value)
*ekok *desede e vedede kv Jedoik Rank (P(0.0l )

Occupation (0.01)

Tour start (0.37)

Date of birth (P<0.01)
Group by tour (0.01)
Rank by tour (0.14)
Occ by tour (P<0.01)
Occ by DOB (P<0.01)
Tour by DOB (P<0.01)

Continuous Date of Birth and Tour Start Dates

1.00 (0.88, 1.13) 0.96 Rank (P<0.01)
Occupation {0.01)
Tour start (0.17)
. Date of birth (P<0.0i)
Tour by DOB (0.03)

The group by tour by survival interaction in the discrete analysis is due
to the change in the group by survival odds ratio with tour date {early, late).
The presence of an interaction involving group (Ranch Hand, Comparison)
precludad the specification of an odds ratio, confidence interval and P-values;
these statistics are replaced hy asterisks in Table 16. For veterans with early
tours, the Mantel-Haenszel adjusted group by survival odds ratio is 1.10 and
for late tours the adjusted odds ratio is 0.93. It is notable that the same
interaction is not significant in the continuous analysis. This suggests that
the just described interaction is spurious. In particular, if tour date is
trichotomized to early, middle and late tours, the corresponding Mantel-Haenszel
adjusted group by survival odds ratios are 0.90 for early tours, 1.23 for middle -
tours and 0.84 for late tours. This interiction remains unexplained at this
time.

The two-sample [5] internally adjusted SMR analysis compaires the mortality
of two giroups with adjustment for year of birth. These analyses are carried out
as in previous updates, within each of the four rank and occupational strata as
well as on the whole group. Survival is measured from tour start date in these
analyses. The corresponding analyses with survival measured from birth are
shcwn in the Appendix. Tables 17 through 21 show the two-sample SMR analysec
for Ranch Hand versus C1-C5 mortality and Tables 22 through 26 show the corre-
sponding analyses for Ranch Hand versus all Comparison mortality contrasts.
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TAZLE 17
Two-sample Standardized Hortality Ratios
Rancn Hand and Cl1-C5 Comparison Offjcars
Survival from Start of Tour

SMR=1.03 (P= 0.87)

Ranch Hand C1-C5 Comparison
3irth  Number Number Person- Rate Per Number Num.:r Person- Rate Per
Year At Risk Dead years 10007 Y At Risk Dead years 1000 P Y
1505-1919 9 3 152 19.76 44 8 863 9.21
1920-1924 32 2 851 3.07 160 21 3217 6.53
1625-1929 43 3 367 3.46 289 22 5509 3.72
1930-1934 151 8 3108 2.57 645 39 12401 2.91
1935-1939 96 4 1969 2.03 467 20 9822 2.04
1940-1944 91 4 1725 2.32 505 12 8813 1.22
1945.1954 45 2 777 2.57 190 5 3373 1.48
Total 467 26 9248 2.81 2300 127 46403 2.74
. TABLE 18 i
Two-sample Standard{zed Mortality Ratjos
Ranch Hand and C1-C5 Comparison Enlisted Personnel
Survival from Start of Tour
SMR= 0.92 (P= 0.93)
Ranch Hand C1-C5 Comparison
Birth  Number Number Person- Rate Per Number Number Person- Rate Per
Year At Risk Dead years 1000 P Y At Risk Dead years 100G P Y
1905-1914 4 2 77 26.00 12 4 278 14.41
1915-1919 9 2 185 10.80 53 14 1108 12.64
1520-1924 16 3 333 9.01 80 18 1877 10.73
1925-1929 41 4 851 4.70 215 35 4448 7.87
16 .-1934 154 17 3030 5.61 755 70 15709 4.46
1935-1939 117 5 2368 2.11 577 35 11992 2.92
1940-1944 121 4 2486 1.61 616 24 12676 1.83
1945-1954 332 11 6386 1.72 1642 49 32002 1.53
Total 794 48 15716 3.05 3950 249 79888 3.12
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TABLE 19
Two-sample Standardized Mortaiity Ratios
Ranch HAand and C1-CS Comparison Flyers
Survival frem Start of Tour

SYR= 0.92 (P= 0.63)

Ranch Hand £1-C5 Comparison
Sirth  Number Number Perscn- Rate Per Number Number Person- Rata Per
Year At Risk Dead years 10007P Y At 2isk Dead years 1000 P Y
1915-1919 9 4 136 29.34 43 10 865 11.56
1920-1924 35 2 720 2.78 175 25 3512 7.12
1525-1329 53 3 1079 2.78 353 25 7237 4.01
1930-1934 219 15 4435 3.38 972 71 19980 3.55
1935-1939 146 6 2954 2.03 712 36 14737 2.44
1940-1944 122 . 5 2280 2.10 668 23 13068 1.76
1545-1954 64 2 1144 1.75 286 10 5213 1.92
Total 648 37 12848 2.88 3211 204 64612 3.16
TABLE 20
Two-sample Standardized Mortality Ratios
Ranch Hand and C1-C5 Comparison Nonflyers
Survival from Start of Tour
SMR= 1.0 (P= 0.63)
Ranch Hand C1-C5 Ccmparisén
Birth  Number Numbar Person- Rate Per Number Number Person- Rate Per
Year At Risk Dead years 1000 P Y At Risk Dead years 1000 P Y
1905-1914 5 2 99 20.27 14 5 325 15.38
1915-1919 8 1 179 5.59 50 11 1064 10.34
1920-1924 13 3 264 11.36 65 14 1382 10,13
1925-1929 31 4 639 5.26 151 28 3120 8.98
1530-1934 86 10 1703 5.87 428 38 9129 4.16
1935-1939 67 3 1383 2.17 332 19 7076 2.68
1940-1944 90 3 1831 1.64 453 13 9421 1.38
1945-1954 313 11 5019 1.83 1546 44 30162 1.46
Total 613 37 12116 3.05 3039 172 61679 2.79
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TASLE 21
Two-sample Standardized iortality Ratios
All Ranch Hand and Cl1-C5 Comparison
Survival from Start of Tour
SMR= 1.00 (P= 0.99)
Ranch Hand Cl1-C5 Cemzirison
3irth  MNumber Number Person- Rate Per Number Number Person- Rate P-r
Year At Risk Dead years 1000 P Y At Risk Dead years 1CCOP Y
1505-1514 5 2 99 20.27 14 5 325 15.38
13151919 17 5 315 15.86 95 21 1929 10.89
1¢20-1924 48 5 984 5.08 240 39 . 4894 7.97
1325-1929 84 7 1718 4,08 504 57 16357 5.50
1930-1934 305 25 6138 4.07 1400 109 29110 3.74
1935-1939 213 9 4337 2.08 1044 55 21314 2.52
1940-1944 212 8 4211 1.90 1121 3b 22489 1.60
1945-1954 377 13 7163 1.81 1832 54 35375 1.53
Totai 1261 74 24964 2.96 6256 376 126291 2.98
TABLE 22
Two-sample Standardized Mortality Ratios 1
A1l Ranch Hand and A1l Comparison Officers
Survival from Start of Tour
SMR= 1.01 (P= 0.96) L
Ranch Hand C1-C5 Comparison
Birth  Number Number Person- Rate Per Number Number Person~ Rate Per
Year At Risk Dead years 1000 P Y At Risk Dead years 1000 P Y
1905-1919 9 3 152 19.76 148 31 3095 10.02
1920-1924 32 2 651 3.07 573 76 12464 €.10
1925-1929 43 3 867 3.46 512 53 10469 5.06
1930-1934 151 8 3108 2.57 1221 73 25731 2.84
1935-1939 96 4 1969 2.03 1121 44 24354 1.81
1940-1944 91 4 1725 2.32 1563 47 32996 1.42
1945-1954 45 2 777 2.57 393 10 7386 1.35
Total 467 26 9248 2.81 5531 334 116489 2.87
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3irth
Year

1905-1914
1915-1919
152C-1924
1925-1929
1930-1934
1935-1939
1540-1944
1945-1954

Total

Birth
Year

1905-1919
1920-1924
1925-1929
1930-1934
1935-1939
1940-1944
1945-1954

Total

T

ABLE 23

Two-sample Stanaardized Mortality Ratios
A1l Ranch Hand and All Comparison Enlisted

SMR= 1.11

Ranch Hand

(P= 0.43)

Number MNumber Person- Rate Per
At Risk Dead years 100

4
9
16
41
154
117
121
332

794

orPY
77 26.00
185 10.80
333 9.01
851 4.70
3030 5.61
2368 2.11
2486 1.61-
- 6386 1.72
15716 3.05
TABLE 24

Survival from Start of Tour

Number Number Person- Rate Per

£1-C5 Ccmparison

At Risk Dead years

18
105
274
657

1921
1701
2425
6469

13570

Two-sample Standardized Mortality
A1l Ranch Hand and All Comparison

SMR= 0.9

Ranch Hand

Survival from Start of Tour

0 (P=0.54)

Nuﬁber Number Person-Raté Par
At Risk Dead years 100

9
35
53
219
146
122

64

648

—
NOTOYOTWTIY A

37

136 2
720

1079

4435

2954

2380

1144

12848

oprPY

9.34
2.78
2.78
3.38
2.03
2.10
1.75

2.88

31

Number Number Person- Rate Per

140
576
669
1790
1630
1928
1345

8 413

34 2157

61 5820

97 14196

168 41450

101 37164

70 53911

166 142115

705 297237
Ratios
Flyers

C1-C5 Comparison

At Risk Dead years
35 2867

85 12361

75 13799

136 37196

78 34818

70 40462

42 29094

521 170595

8078

1600 P Y

1000 P Y

12.21
5.88
5.44
3.66
2.24
1.73
1.44

3.05




TABLE 25
Two~-sample Standardized iortality Ratios
A1l Ranch Hand and Cocmparison :onflyers
Survival frem Start of Tour

SiR=1.28 (P= 0.15)

Ranch Hand C1-C5 Cemparison
3irth  Number Number Person- late Per NMymber Number Person- Rate Per
Vaar At Risk Dead years 10COPY At Risk Dead years 10COP Y
1205-1914 5 2 99 20.27 18 8 414 19.33
1315-1319 8 1 179 5.59 113 30 2394 12.53 )
1320-1924 13 3 264 11.36 271 52 5923 8.78
1925-1929 31 4 639 6.26 500 75 10867 6.90
1930-1934 86 10 1703 5.87 1352 105 29985 3.50
1935-1939 67 3 1383 2.17 1192 67 26701 2.51
1240-1244 a0 3 1831 1.64 2060 47 464430 1.01
1845-1954 313 11 6019 1.83 5517 134 120406 1.11
Total 613 37 12116 3.05 11023 518 243130 2.13
TABLE 26
Two-sample Standardized Mertality Ratios
All Ranch Hand and Al1 Comparison
Survival from Start of Tour
SMR= 1.06 (P= 0.63)
Ranch Hand C1-C5 Comparison
8irth Numbar Number Person- Rate Per Number Number Person- Rate Per
Year At Risk Dead years 1000 P Y At Risk Dead years 1000 P Y
1905-1914 5 2 99 20.27 22 9 512 17.59
1915-1919 17 5 315 15.86 249 64 5163 12.39
1920-1924 48 5 984 5.08 847 137 18284 7.49
1925-1929 84 7 1718 4.08 1169 150 24666 6.08
1930-1934 305 25 6138 4.07 3142 241 67181 3.59
1935-1939 213 . 9 4337 2.08 2822 145 61519 2.36
1940-1944 212 8 4211 1.90 3988 117 86902 1.35 -
1945-1354 377 13 7165 1.31 6862 176 149500 1.18
Total 1261 74 24964 2.96 19101 1039 413726 2.51




Adjusted One-sample Ranch Hand Contrasts with
All Ccmparisons

Birth Year

1910-1914
1315-1919
1520-1924
1925-1929
1930-1934
1935-1939
1940-1944
1945-1949

Total

Birth Year

1510-1914
1915-1919
1920-1924
1925-1929
1930-1934
1935-1939
1940-1944
1945-1949
1950-1954

Total

SMR=0.95, 95% € I : (0.59,1.32), P=0.79

Number
At Risk

1

8
32
43
151
95
91
45

467

SMR=1.05 95% C I :

Number
At Risk

4
9
16
41
154
117
121
321
11

794

TABLE 27

Officers

Person-
years

22
130
651
367
3108
1969
1725

777

9249

Enlisted

Person-
years

77
188
333
851
3030
2368
2486
6188

197

15715

Number
Nead

2

Number
Deaa

1

1

4

NEaELOWNWO

6

(0.75,1.35), P=0.73

2
2
k]
4
7
5
4
1
0

3

Adjusted one-sampie analyses, summarizaa in Table 27, assess Ranch Hand
mortality ralative to 411 Comparison death rates in 5 year age and calendar time
strita within each of the four ran' and occupaticnal strata (officer, enlisted,
flying, nonflying) and over the entire Ranch Hand cohort with adjustmenrt for
rank and occupation.

Adjusted
Expected
Deaths

0.22
1.26
4.79
3.92
9.83
3.81
2.53
1.01

27.37

Adjusted
Expected
Deaths

1.60
2.94
3.80
5.69
i2.82
7.16
4.05
7.77
0.24

45.63
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TA3LE 27 (Conz'd)
A-yustad Gne-sample Ranch Hana Contrasts with
All Comparison
Flyers
SWR=0.8b, 955 C I * 10.53,1.13), P=0.35

~tjusted

Number Parson- Number Exgectad
Birth Year AL Risk years Dead Deaths
1615-13919 9 136 4 1.83
1920-1924 35 720 z 5.99
1325-1929 53 1879 3 5.83
1330-1934 219 4435 15 15.83
1935-1939 146 2954 & 7.03
1940-1944 122 2379 5 3.17
1945-1949 T 1144 2 1.90
Total 648 12847 37 43.19
Nonflyers

SMR=1.23, 95% C I : (C.33,1.€23), P=0.21

Adjusted

Number Person- Number Expected
Birth Year At Risk years Deud Deaths
1919021914 5 99 2 1.36
1915-1319 8 179 i 2.33
1920-1924 13 2F . 3 2.63
1925-1929 31 63° 1 3.72
1330-1934 86 1703 10 5.66
1935-1932 67 1383 3 3.87
1940-1944 90 1331 3 2.65
1945-1949 302 5822 11 6.64
1350-1954 11 197 0 0.24
Total 613 12117 37 30.11
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TABLE 27 (Cent'd)

Adjusted One-sample Ranch Hand Contrasts with
A1l Ccmparison

All Ranch Hands

SvR=1.01, 953 C I : (0.80, 1.26), P=¢.95

Adjusted

Number Person- Number Expected
Birth Year At Risk years Dead Jeaths
1605-1914 5 99 2 1.24
1315-1919 1 315 5 3.79
1920-1924 48 984 5 8.88
1925-1929 84 1718 7 9.60
1930-1934 305 6138 25 23.46
1935-1939 213 4337 9 11.09
1940-1544 212 4211 8 6.47
1945-1949 366 5366 13 8.80
1950-1954 11 197 0 0.24
Total 1261 24965 74 73.57

In the analysis on all Ranch Hands, summarized in the last panel of Table
27, there was no survival by rank by occupation interaction (P=0.48) and the
Ranch Hand versus all Comparison mortality contrast did not vary significantly
with rank (P=0.53) or occupation (P=0.12).

The previous one and two sample adjusted contrasts (Tables 15 through 27),
although fully adjusted for rank, occupation and year of birth, may not detect
very recent trends. For example, inspection of Tables 5 and 6 and Appendix
Tables 1, 2 and 3 suggests that Ranch Hand flyers are experiencing unusually
high death rates relative to all Comparisons during 1986 and 1987. Therefore,
chi-snuare tests for trend [6] were applied to all strata and all Ranch Hands
te assess the presence of post-1583 trends in the SMR. These analyses were
carried out twice, first with each of the years 1983 through 1987 separately
contributing to the statistic and again with 1983 through 1985 collapsed to a
single stratum and 1986 and 1987 collapsed to a second stratum. The second
analysis with two strata was carried out after noting the increased SMR in
flyers during 1986 and 1987. Table 28 shows the results for Ranch Hands versus
C1-C5 Comparisons and Table 29 shows the results for Ranch Hands contrasted
with all Comparisons. A1l of these analyses are conditioned on survival to
1 January 1983 and, due to data sparseness, are not adjusted for date of birth.
The tests are two-tailed and will therefore detect upward or downward trends
in the SMR. Test results for detecting upward trerds in the SMR may be derived
from these results by dividing the P-value by 2 when the data indicate an
increasing trend and replacing the P-value by 1.00 when the data indfcate a
decreasing trend. These data were not assessed relative to the Air Force
exposure index due to sparseness.
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Year

1983
1984
1985
1986
1987

Year

1833
1984
1985
1986
1987

Year

1983
1984
1985
1986
1987

Five Year Trend Analysis vs Cl-C5 Ccmparison

TABLE 28

Ranch Hand Mortality

rlying Officers

Chf-square (single year)=3.74 P=0.05
Chi-square (83-35,86-87)=7.54 P=0.01

Number
Dead

SN O

Rate Per 10CO
Parson Years

0.C0
2.35
2.35
11.84
9.54

Enlisted Flyers

Expected
Deaths

0.51
1.43
2.05
0.82
2.03

Chi-square (single year)=0.34 P-0.56
Chi-square (83-85,86-87)=0.14 P=0.71

Number
Dead

— e gt O e

Rate Per 1000
Parson Years

5.03
0.00
5.07
5.08
5.11

A1l Flyers

Expected
Deaths

1.22
1.22
0.82
1'64
0.62

Chi-square (single year)=4.62 P=0.03
Chi-square (83-85,86-87)26.50 P=0.01

Number
Dead

NN =

Rate Per 1000
Person Years

1.80
1.60
3.21
9.70
8.13

36

Expected
Deaths

1.84
2.66
2.87
2.45
2.65

SMR

0.C0
0.70
0.49
6.12
1.97

SMR

0'82
0.00
1.22
0.61
1.62



Year

1983
1984
1585
1984
1987

Year

1983
1584
1985
1986
1987

TABLE 28 {Clont'a)

Ranch Hand HMortali

ty

Five Year Trend Analysis vs Cl-C5 Comparison

Number
Dead

OO0OO0O0O

Nonflying Officers

Rate Per 1000
Person Years

0.c0
0.00
0.C0
0.00
0.00

Expected
Deaths

0.00
0.C0
0.00
0.00
0.63

Nonflying Enlisted Personnel

Chi-square (single year)=0.26 P=0.61
Chi-square (83-85,86-87)=0.01 P=0.92

Number
Dead

—=WMNhO N

Rate Per 1000
Person Years

3.58
0.00
3.59
5.42
1.81

All Nonflyers

Expected
Deaths

1.20
1.79
2.80
2.60
2.80

Chi-square (single year)=0.46 P=0.50
Chi-square (83-85,86-87)=0.00 P=0.96

Number
Dead

WMo

Rate Per 1000
Person Years

3.43
0.00
3.44
5.19
1.74
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Expected
Deaths

SMR

0.00
0.00
0.Co
0.00
0.00

SMR

1.67
0.00
0.71
1.15
0.36

SHR

>

Qre OO
L] . .

N -0

OO~




TABLE 28 (Cont'd)

2anch Hand Mortality
Five Year Trend Analysis vs C1-C5 Ccmparison

All Officers

Cai-square (single year)=2.44 P=0.12
Chi-square (83-35,86-37)=25.73 P=0.02

Number  Rate Per 1000 Expected

fear Cead Person Years Deaths SHR
1983 0 0.00 0.61 0.00
1984 1 2.22 1.43 0.70
1985 1 2.22 2.05 0.49
1986 5 11.18 0.82 6.12
1987 4 9.01 2.65 1.51
A1l Enlisted Personnel
Chi-square (single year)=0.01 P=0.94
Chi-square (83-85,86-87)=0.08 P=0.77
Number  Rate Per 1000 Expected
Year Dead Person Years Deaths SMR
" 1083 3 3.96 2.40 1.25
1284 0 0.00 3.01 0.00
1985 3 3.98 3.62 0.83
1586 4 5.33 4.23 0.95
1987 2 2.68 3.42 0.58
A1l Personnel
Chi-square (single year)sl.41 P=0.24
Chi-square (83-85,86-37)=3.48 P=0.06
Number  Rate Per 1000 Expected
Year Dead Person Years Deaths SMR
1983 3 2.48 3.03 0.99
1984 1 0.83 4.44 0.22
1985 4 3.32 5.67 0.71
1986 9 7.52 5.06 1.78
1987 6 5.04 6.07 0.99
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Year

1983
1584
1985
1586
1987

Year

1983
1984

1985 .

1986
1987

Year

1983
1384
1985
1986
1387

Five Year Trend Analysis vs All Comparison

TABLE 29

Ranch Hand HMortality

Flying Officers

Chi-square (single year)=4.89
Chi-square (83-85,86-87)=6.10

Number
Dead

E- W NN o)

Rate Per 1000 Expected

Person Years - Deaths
0.59 1.87
2.35 1.70
2.35 1.45

11.84 1.79
3.54 2.29

Enlisted Flyers

Chi-square (single year)=0.16
Chi-square (83-85,86-87)=0.09

Numbér
Dead

— et b O

Rate Per 1000 Expected

Person Years Deaths
5.03 1.03
0.00 0.89
5.07 0.89
5.08 1.34
5.11 0.74
A1l Flyers

Chi-square (single year)=4.75
Chi-square (83-85,86-87)=5.27

Number
Dead

TN

Rate Per 1000 Expected

Persan Years Deaths
1.60 2.92
1.60 2.60
3.21 2.36
9.70. 3.17
8.13 3.00

39

P=0.03
P=0.01

P=0.69
P=0.76

P=0.03
P=0.02

SMR

0.00
0.59
0.69
2.80
1.75

SMR

0.97
0.00
1.13
0.75
1.35

SMR

0.34
0.38
0.85
1.89
1.67




Year

1383
1534
1585
1986
1987

Year

1983
1984
1985
1586
1987

Year

1383
1984
1985
1980
1987

TABLE 29 (Cont'd)

Ranch Hand Mortality
Five Year Trend analysis vs All Comparison

Nonflying Officers

Number  Rate Per 10CO Expected

Dead Person Years Ceaths
0 0.00 0.00
0 0.00 0.09
0 0.00 0.09
0 0.C0 g.18
0 0.00 0.37

Nonflying Enlisted Personnel

Chi-square (single yecar)=0.01 P=0.93
Chi-square (83-85,86-87)=0.21 P=0.65

Number  Rate Per 1000 Expected

Dead Person Years Deaths
2 3.58 : 1.24
0 0.00 1.88
2 3.59 2.21
3 5.42 1.88
1 1.81 1.99

A1l Nonflyers

Chi-square (single year)=0.03 P=0.86
Chi-square (83-85,86-37)20.13 P=0.71

Numb2r  Rate Per 1000 Expected

Dead Person Years Deaths
2 3.43 1.26
0 0.00 1.97
2 3.44 2.30
3 5.19 2.03
1 1.74 2.24
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SMR

0.00
0.00
0.00
0.00
0.00

SHR
.52

.00
.90
.59
.50
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SHMR
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Year

1983
1584
1985
1586
1987

Year

1983
1984
1985
1586
1987

Year

1583
1584
1985
1986
1987

Five Year Trend Analysis vs All Comparison

TABLE 29 (Cont'd)

Ranch Hand Mortali

A1l Officers

ty

Chi-square (single year)=4.22 P=0.04
Chi-square (83-85,36-87)=5.38 P=0.02

Number
Dead

PO

Rate Per 1000
Person Years

0.C0
2.22
2.22
11.18
9.01

Expected
Deaths

1.38
1.79
1.54
1.96
2.64

All Enlisted Personnel

Chi-square (single year)=0.02 P=0.89
Chi-square (83-85,86-87)=0.30 P=0.58

Number
Dead

NeaWoOWw

Rate Per 1000
Person Years

3.96
0.00
3.98
5.33
2.68

A1l Personnel

Expacted
Deaths

2.14
2.72
3.08
3.07
2.72

Chi-square (single year)=2.70 P=0.10
Chi-square (83-85,86-87)=4.31 P=0.04

Number
Dead

N0 P W

Rate Per 1000
Person Yea:s

2.48
0.83
3.32
7.52
5.04

41

Expected
Deaths

..88
4.48
4.68
5.01
5.13

SMR

0.00
0.56
0.65
2.55
1.51

SMR

1.40
0.00
0.97
1.30
0.73

SMR

0.77
0.22
0.85
1.80
1.17




In the Ranch Handg versus all Ccmparison trand analyses (Table 29), the
increased SHR's specific to the calendar years 1386 and 1987 for fiyers shown
in Tables 5 and 6 are seen to produce an increasing trend from 19&3 throunn
1987, with the respective SMR's being 0.4, 0.38, 0.35, 1.89, and 1.67. Tinis
trend is statistically significant (two tailed P=0.03, one tailed P=0.015)
and is due to unusually low Ranch Hand death rates prior to 1986 and elevated
Ranch Hand rates during 1986 and 1987. Inspection of Table 29 suggests that
tha trend within the flyers is due to an increasing trend in the SMR within
the flying officer stratum, with no trend apparent within the enlisted flyer
stratum. No trends are apparent or are detected in the nonflving or enlistad
strata. The significant increasing trends in the officar stratum (two tailad
P=0.04, one tailed P=0.02) and all personnel (two tailed P=0.04, cne taiied
P=0.02) is due to the trend within the flying officer stritum. The significant
trend seen in the lasct panel of Table 29, for all Ranch Hands is due to the
elevated SMR's specific to 1986 and 1987 (two tailed P=0.04, one tailed P=0.02)
and is attritutable to the trend within with flying officers. The Ranch Hand
versus Cl-C5 Comparison results are similar.

Inspection of Tables 35 and 36 and Appendix Tables 4. 5 and 6, which show
counts of deaths duiring the calendar years 1683 thrcugh 1987 oy cause, rank and
occupation, shows that of the 5 flying officer Ranch Hand. deaths during 1986,

3 were due to malignant neoplasm (SMR=3.92), 1 was a circulatory system death
(SMR=1.68) and 1 was due to unknown causes (SMR not defined). Of the 4 deaths
within the Ranch Hand flying officers occurring during 1987, 1 was accidental
(SMR=6.00), 1 was due to a maligrant neoplasm (SMR=0.98) ard 2 were due to
diseases of the circulatory systeam (SMR=2.62). The single Ranch Hand flying
officer death during 1984 was due to circulatory system disease (SMR=2.35)

and the single death occurring durirg 1985 was due to a malignant neoplasm
(SMR=2.35). These patterns suggest that the observed trend may be attributed
to increased numbers of Ranch Hand malignant neoplasm and circulatory deaths.
Inspection of Tables 48, 49, 51 and 52 and Appendix Tables 7, 8, G, 11, 12 and
13 shows that the observed Ranch Hand malignant neoplasm deaths during 1983
through 1987 a2mong flyers or flying officers are not restricted to a particular
anatomic site or morpholcgical type.

With regard to exposures to herbicides and the contaminant TCDD (dfoxin),
an .increasing trend within Ranch Hand flying officerc is not expected because
TCDD assay results in living Ranch Hands show that Ranch Hand flying officers
were among the least exposed of all Ranch Hand personnel, with the heaviest
exposures occurring in -nonflying enlisted personnel.

The observed statistically significant increasing trend in the SMR among
fl:ring officers 1s of concern and emphasizes the importance of continued
mortality surveillance. However, it appears to be due to recent elevations
in Ranch Hand circuiatory and malignant neoplasm death rates with no apparent
pattern by anatomic site or morphology among those deaths due to malignant
neoplasm. If herbicide exposure were having a direct effect on malignant
disease, one would anticipate a clustering by site or type of cancer. Thus
the implication of these observations is as yet unclear. Further, the trend
{s not expected relative to known TCDD body burdens among 1iving Ranch Hands
currently being assayed. The finding therefore remains unexplained at this
time. The analyses shown in Tables 28 and 29 will be repeated in the next
mortality report.
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A lexis diagram of Ranch Hand officer deaths by age and calendar year
period is shown ia Figure 11. Follow-up time is indicated for each subject with
a straight line beginning at his aye ana the beginning of his first qualifying
tour and ending at his age at 31 December 1987 if he was still alive at that
time. Follow=-up lines for aeceased subjects end with a box at the subjects age
at death and date of death. The corresponding diagram without the follow-up
lines is shown in Figure 12. Lexis diagrams for enlisted, flying ard nonflying
personnel, without follow-up lines, are shown in Figures 13 through 15.

Lexis diagrams provide another view of the data that permits a visual
assessment of mortality clustering with respect to age and calendar time. A
strong latency effect, for exampie, might be revealed by a cluster of deaths
approximately 20 years after entry into follow-up. No such clusters are
apparent in these data.
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Lexis Diagram
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A statistically significant group (Ranch Hand, C1-C5 Comparison) by survival
{i2ag, alive) Dy date of dirth (<1535, >193%) by rank (officer, enlisted) inter-
acticn was described in the 1584 ypdate. This intaraction was not detected in
any of the adjusted two-sampla prncadures applied to either Ranch Hand versus
{i-C5 Ccmsarison contrasts or to Ranch Hand versus all Comparison contrasts in
this report. Current data reisvant to the group by survival by date of birth
Dy rank association for Ranch Hands and Cl-C5 Comparisons is shown in Table 30.

TABLE 30

Survival by Group, Date of Birth and Rank for
Ranch Hands and C1-C5 Comparisons

; Number  Number Rate Relative
Rank Birth Group Dead Alive Total (%) Risk
Enlisted <1935 Ranch Hand 28 196 224  12.5 0.99
Comparison 141 974 1115  12.6
Total 169 1170 1339
>1935 Ranch Hand 20 . 550 570 3.5 0.92
Comparison 108 2727 2835 ..8 .
Total 128 3277 3405
Officer <1935  Ranch Hand 16 219 235° 6.8  0.86
Comparison 30 1048 1138 7.9
Total 106 1267 1373
>1935 Ranch Hand 10 222 232 4.3 1.3%
Comparison 37 1125 1162 3.2

Tre group by survival by date of birth by rank association is not signifi-
cant in these data with (P=0.30) or without (P=0.34) adjustment for occupation
and tour start date.
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The corresponding data for the Ranch Hand versus 111 Ccmparison contrast
i5 shown in Table 31.

TABLE 31

Survival by Group, Date of 3irth and Rank fur
Ranch Hands and All Ccmparisons

Number Number Rate Relative
Rank Birth Group Dead Alive Total (%) Risk
Enlisted <1935 Ranch Hand 25 165 150 13.1 1.02
Comparison 327 2210 2537 12.8
Total 352 2375 2727
>1935 Ranch Hand 23 381 604 3.8 1.11
Comparison 378 10655 11033 3.4
Total 401 11236 11637
Officer <1935  Ranch Hand 15 1% 211 7.1 0.70
Comparison 223 1973 2196 10.1
Total 238 2169 2407
>1935 . Ranch Hand 11 245 256 4.3 1.29
Comparison 111 3224 3335 3.3

Total 122 3469 3591

The group by survival by date of birth by rank association is not statis-
tically significant in these data with (P=0.34) or without (P=0.28) adjustment
for occupation and tour start date.

A statistically significant group by survival-to-age-35 by rank association
in Ranch Hand and Cl1-CS5 Comparison data was also described in the 1984 update.
The same association was investigated with current data in both Ranch Hand
versus Cl-C5 Comparisons and Ranch Hand versus all Comparisons. The same group
by survival-to-age-35 by rank interaction is borderline significant in current
data on Ranch Hand versus C1-C5 mortality (P=0.05). The data relevant to the
Ranch Hand versus Cl1-C5 contrast on survival to age 35 is shown in Table 32.
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TABL

[34]

32

Ranch Hand versus Cl1-C5 Cumparisons
Group, Survival tc Age 35, Rank

Survival to Age 35

Number  Number Rate Relative
ank Group Dead Alive Total (%) Risk
Officer Ranch Hand 7 460 467 1.5 2.39

Comparison 15 2285 2300 0.6
Total 22 2745 2767
Enlisted Ranch Hand 9 785 794 1.1 0.72
Comparison 62 3888 3950 1.6
Total 71 4673 4744

This interaction appears to be due to an excess of Ranch Hand officer
deaths before the age of 35. The observed number of Ranch Hand officer deaths
before the age of 35 is 7 and the expected number is 3. These small numbers
1imit the meaning of these-findings. Six of the seven Ranch Hand officer
deaths before age 35 were due to accidents and one was a suicide. Of the 15
C1-C5 (omparison officer deaths before age 35, 13 were due to accidents, one
was due to disease and one was a suicide. Of the 9 Ranch Hand enlisted deaths
before the age of 35, 7 were due to accidents, one was a suicide and one was a
homicide. Of the 62 C1-C5 Comparison enlisted deaths before the age of 35, 39
were due to accidents, 14 were disease related, 1 was a homicide and 8 were
suicides. When these analyses were restricted to accidental deaths before the
age of 35, the group by survival by rank association is not statistically sig-
nificant (P=0.13). The same interaction is not statistically significant when
suicide before the age of 35 is considered (P=0.31). Taken together, these
resulls suggest that the observed interaction is spurious rather than attrib-
utable to herbicide exposure. The same analysis revealed no significant group
by survival-to-age-35 by rank association when all Comparisons are analyzed
(P=0.27). The relevant daca is shown in Table 33.
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1
TABLZ 33
Ranch Hand versus All Comoarisons
Group, Survival to Age 35, Rank
Survival to Age 35
Number  Number Rate Relative i
Rank Group Dead Alive Total (% Risk
Officer Ranch Hand 7 460 467 2.0 1.54 }
Comparison 54 5477 8531 1.0
Total 61 5937 5398
Enlisted Ranch Hand 9 785 794 1.0 0.85
Comparison 178 13392 13570 1.0

Total 187 14177 14364

When survival to age 35 is replaced by accidental death before the age of
35, the group by survival by rank association is not statistically significant
(P=0.48). These results lend further weight to the conclusion that the group
by survival to age 35 by rank association seen in Ranch Hand versus Cl-C5 data
was indeed spurious.
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4. CAUSE-SPECIFIC ANALYSES , }
Table 34 shows death counts and deatn rates (deaths per 1000 person-years)

referenced to the start of the qualifying tour by caus2 and subgroup. The death
rate units are deaths per 1,000 person-years.

TABLE 34

Deaths and Death Rates by Cause and Group
Flying Officers

All

Ranch Hand £1-C5 Comparison

No. Rate No. Rate No. Rate
Accidental g 1.03 38 0.87 93 0.84
Suicide 0 0.00 7 0.16 15 0.14
Homicide 0 ¢.00 0 C.00 3 0.03
Infections, Parasitic 0 0.00 2 0.05 2 0.02
Neopiasm, Malignant 5 0.57 23 0.52 79  0.72
Neoplasms, uUncertain 0 0.00 1 0.02 2 0.02
Endocrine 0 0.00 1 0.02 1 0.01
Blood, Blood Forming 0 0.00 0 0.00 1 0.01
Mental Disorders 0 0.00 0 0.00 2 0.02
Nervous System 0 0.00 1 90.02 4 0.04
Circulatory System 8 0.92 36 0.82 97 0.88
Respiratory System 0 0.00 3 0.07 5 0.05
Digestive 2 0.23 7 0.16 11 0.10
Genitourinary System 0 0.00 1 0.02 1 0.01
Congenital Anomalies 0 0.00 0 0.00 1 0.01
I11-Defined 0 92.00 1 0.02 2 0.02
Unknown 1 0.11 0 0.00 0 0.00
Total 25 121 319




TABLE 34 (Cont'd)
Deatns and Death Rates by Cause and Group

Enlisted Flyers

AN

Ranch Hand C1-C5 Comparison

No. Rate No. Rate No. Rate
Accidental 4 0.97 27 1.30 67 1.11
Suicide 1 0.24 5 0.24 17 0.28
Homicide 0 0.00 2 0.10 3 0.05
Infections, Parasfitic 4] 0.00 g 0.00 1 0.02
Neoplasm, Malignant 1 0.24 17 0.8 39 (.65
Endocrine 0 0.00 1 0.05 1 0.02
Nervous System 0 0.00 0 0.00 1 0.02
Circulatory System 2 0.49 22 1.C6 54 Q.90
Respiratory System 0 0.00 3 0.14 3 0.05
Digestive 2 0.49 4 0.19 11 0.18
Congenital Ancmalies 0 0.00 1 0.05 1 0.02
IT7-Defined 2 3.49 1 0.05 3 0.05
Unknown 0 0.00 0 0.00 1 0.02
Total 12 a3 202

A1l Flyers
All

Ranch Hand C1-C5 Comparison

No. Rate No. Rate No. Rate
Accidental 13 1.C1 65 1.01 160 0.94
Suicide 1 0.08 12 0.19 32 0.19
Homicide 0 0.00 2 C.03 6 0.04
Infections, Parasitic 9 0.00 2 0.03 3 .02
Neoplasm, Malignant 6 .47 40 0.52 118 0.69
Neoplasms, Uncertain 0 0.00 1 0.02 2 0.01
Endocrine 0 0.00 2 0.03 2 0.0t
Blood, Blood Forming 0 0.00 0 0.00 1 0.01
Mental Disorders 0 0.00 0 0.00 2 0.01
Nervous System 0 0.00 1 0.02 5 0.03
Circuiatory System 10 0.78 58 0.90 151  0.89
Respiratory System 0 ¢.00 6 0.09 g 0.05
Digestive 4 0.31 11  0.17 22 0.13
Genitourinary System 0 0.00 1 0.02 1 0.01
Congenital Anomalies 0 0.00 1 0.02 2 0.01
I11-Defined 2 0.16 2 0.03 5 0.03
Unknown 1 0.08 0 0.00 1 0.01
Total 37 204 521
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TABLE 34 (Cont'd)
Deaths and Death Rates by Cause and Group %

Nonflying Officers

Al

Ranch Hand C1-C5 Comparison

No. Rate No. Rate No. Ra*e
Accidental 0 0.00 1 0.39 1 0.l16
Suicide 1 1.95 0 0.00 1 0.16
Neoplasm, Malignant 0 0.00 3 1.17 5 0.381
Circulatory System 0 0.00 1 0.39 7 1.13
Digestive 0 0.00 1 0.39 1 0.16
Total 1 6 15

Nonflying Enlisted
AN

Ranch Hand Cl-C5 Comparison

No. Rate No. Rate No. Rate
Accidental 9 0.78 38 0.64 129  0.54
Suicide 1 0.09 13  0.22 41 0.17
Homi¢ide 2 0.17 3 0.05 14  0.06
Infections, Parasitic 0 0.00 3 0.05 6 0.03
Neoplasm, Maligrant 6 0.52 38 0.64 103  0.43
Neoplasms, Uncertain 0 0.00 1 0.02 1 0.00
gndocrine 1 0.09 0 0.00 1 0.00
Blood, Blood Forming 0 0.00 0 0.00 1 0.00
Mental Disorders 0 0.00 1 0.02 7 0.03
Nervous System 0 0.00 1 0.02 7 - 0.03
Girculatory System 15 1.29 56 0.95 151 0.64
Respiratory System 0 0.00 4 0.07 14 0.06
Digestive 2 0.17 6 0.10 14 0.06
Genitourinary Systein 0 0.00 2 0.03 8 0.03
111 -Defined 0 0.00 0 0.00 5 0.02
Unknown 0 0.00 0 0.00 1 0.00
Total 36 166 503
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TABLE 34 (Cont'a)

Deaths and Death Rates by Cause and Greup

A1l Nonflying

Al

Ranch Hand €l-°5 Comparison

No. Rate No. Rate No. Rate
Accidental 9 0.74 3  0.83 120 0.53
Suicide 2 0.17 13 0.21 42 0.17
Hemicide 2 0.17 3 0.05 14 0.C6
Iafactions, Parasitic 0 0.00 3 0.05 6 0.02
Neoplasm, Malignant 6 0.50 41 0.56 108  0.44
Neoplasms, Uncertain 0 0.C0 1 0.02 1 0.c0
Endocrine 1 0.08 0 .00 1 0.00
Blood, Blood Forming 0 0.00 0 9.00 1 0.0
Mental Disorders 0 0.00 1 0.02 7 0.03
Nervous System 0 0.00 1 0.02 7  0.03
Circulatory Syztem 15 1.24 56 0.91 158 0.65
Respiratory System 0 0.00 4 0.06 14 0.06
Digestive 2 0.17 7 0.11 15 0.06
Genitourinary System 0 0.00 2 0.03 8 0.03
111-Defined 3 0.00 0 0.00 5 0.02
Unknown 0 0.00 0 0.00 1 0.00
Total 37 172 518

All Personnel

Al

Ranch Hand C1-C5 Comparison

No. Rate No. Rate No. Rate
Accidental 22 0.88 104 0.82 290 0.70
Suicide 3 0.12 25 0.20 74 0.18
Homicide 2 0.08 5 0.04 20 0.05
Infections, Parasitic 0 0.00 5 0.04 9 0.02
Neoplasm, Malignant 12 0.48 81 0.64 226 0.55
Neoplasms, Uncertain 0 0.c0 2 0.02 3 0.0
Endocrine 1 Q.04 2 0.02 3 0.01
Blood, Blood Forming 0 0.00 0 0.00 2 0.00
Mental Disorders 0 0.00 1 0.01 9 0.02
Nervous System 0 0.00 2 0.02 12 0.93
Circulatory System 25 1.00 115 0.91 309 0.75
Respiratory System 0 0.00 10 0.08 22 0.05
Digestive 6 0.24 18 0.14 37 0.09
Genitourinary System 0 0.00 3 0.02 9 0.02
Congenital Anomalies 0 0.co . 0.01 2 0.00
I111-Defined 2 0.08 2 0.02 10 0.02
Unknown 1 0.04 0 0.00 2 0.00
Total 74 376 1039
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Ceaths occurring during the calendar years 1986 and 1947 are cross-
tabulated in Tables 35 and 36. The corresponding tabulations for the calendar
years 1933, 19¢4 and 1985 are shown in the Appendix. The de.th rate units are
deaths per 1000 person-years. '

TABLE 35
Deaths and Death Rates by Cause and Group for 1986

Flying Officers

Al
Ranch Hand C1-C5 Comparison
No. Rate No. Rate No. Rate
Accidental 0 0.00 1 0.48 2 0.40
Suicide 0 0.00 0 0.00 1 0.20
Neoplasm, Malignant 3 7.11 1 0.48 g 1.81
Blood, Blood Forming 0 0.00 0 0.00 1 0.20
Nervous System 0 0.00 0 0.00 1 0.20
Circulatory System 1 2.37 2 0.97 7 1.41
Unknown 1 2.37 0 0.00 0 0.00
Total 5 4 21
Enlisted Flyers
Al
Ranch Hand C1-CS Comparison
No. Rate No. Rete - No. Rate
Accidental 0 0.00 1 1.04 3 1.13
Suicide 0 0.00 0 0.00 1 0.38
Infections, Parasitic 0 0.00 0 0.00 1 0.38
Neoplasm, Malignant 0 0.00 3 3.13 6 2.26
Circulatory System 1 5.08 4 4.17 7 2.64
Total 1 8 18
All Flyers
AN
Ranch Hand C1-C5 Comparison
No. Rate No. Rate No. Rate-
Accidental 0 0.00 2 0.66 5 0.66
Suicide 0 0.00 c 0.00 2 0.26
Infections, Parasitic 0 0.00 0 0.00 1 0.13
Neoplasm, Malignant 3 4.85 4 1.32 15 1.97
Blood, Blood Forming 0 0.00 0 0.00 1 0.13
Nervous System 0 0.09 0 0.00 1 0.13
Circulatory System 2 3.23 6 1.98 14 1.8
Unknown 1 1.62 0 0.00 0 0.00
Total 6 12 39
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TABLE 35 (Cont'd)
Deaths and Death Rates by Cause and Group for 1996
Nonflying Officers
All

Ranch Hand C1-C5 Ccmparison

No. Rate No. Rate No. Rate
Circulatory System 0 0.00 0 0.0 2 7.24
Total 0 0 2

Nonflying Enlisted

All

Ranch Hand C1-CS Comparison

No. Rate No. Rate No. Rate
Accidental 1 1.81 0 0.00 4 0.39
Suicide 0 0.00 1 0.3 4 0.39
Neoplasm, Malignant 0 0.00 7 2.53 15 1.46
Circulatory System 2 3.6l 4 1.44 10 0.97
Respiratory System 0 0.00 0 0.00 1 0.10
Digestive 0 0.00 1 0.36 1 0.10
Total 3 13 35

A1l Nonflying

) AN

Ranch Hand C1-C5 Comparison

No. Rate N2. Rate No. Rate
Accidental 1 1.73 0 0.00 4 0.38
Suicide 0 0.00 1 0.3% 4 0.38
Neoplasm, Malignant 0 0.00 7 2.4 15 1.42
Circulatory System 2 3.46 4 1.38 12 1.14
Respiratory System 0 0.00 0 0.00 1 0.09
Digestive 0 0.00 1 0.3%5 1 0.09 .
Total 3 13 37
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TABLE 35 (Cont'd)
Deaths and Death Rates by Cause and Group for 19%o6

Al( Personnel

ATl

Ranch Hand €C1-C5 Comparison

No. Rate No. Rate No. Rate
Accidental 1 0.8 2 .24 9 0.50 1
Suicide 0 0.0C 1 0.17 6 .0.33 1
Infactions, Parasitic 0 _0.00 ¢ 0.00 1L 0.06 :
- Neoplasm, Malignant 3 2.51 11 1.86 30 1.85 4
Blood, Blood Forming 0 0.00 0 0.00 1 0.06 3
Nervous System 0 0.00 0 0.00 1 0.06 g A
Circulatory System 4 3.24 i 1.89 26 1.43 E
Respiratory System 0 0.00 0 0.00 1 0.00 E
Digestive 0 0.00 1 0.17 1 0.06 &
Unknown 1 0.8 0 0.00 0 0.00 3
Total 9 25 76 4
TABLE 36 4

Deaths and Death Rates by Cause and Group for 1987
Flying Officers

All
Ranch Hand €C1-C5 Comparison
No. Rate No. Rate No. Rate
Accidental i 2.39 1 0.49 -2 0.30
Suicide 0 0.00 0 000 - 1 0.20
Neoplasm, Malignant 1 2.39 4 1.94 12 2.43
Circulatory System 2 4.77 2 0.97 9 1.82
Respiratory System 0 0.00 1 0.49 1 0.2
Digestive 0 0.00 2 0.97 2 0.40
Total 4 10 27
Enlisted Flyers :
ATl
Ranch Hand C1-C5 . Comparison %
No. Rate No. Rate No. Rate
Suicide 0 o0.00 ¢ Q.00 1 0.38
Neoplasm, Maiignant 0 0.00 g 0.00 5 1.90
Circulatory System 0 0.00 3 3.15 4 1.52
I11-Defined 1 5.11 0 0.00 0 0.00
Total 1 3 10
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TASLE 3o (Cont'dq)

Oeaths and Death Rates by Cause and Group for 1987

All Flyers
Al
Ranch Hand C1-C5 Comparison
No. Rate No. Rate No. Rate
Accidental 1 1.63 1 0.33 2  0.26
Suicide C o0.co 0 0.00 2 0.26
Neoplasm, Malignant 1 1.83 4 1.33 17 2.24
Circulatory System 2 3.25 5 1.66 13 1.72
Respiratory System 0 0.00 1 12.33 1 0.13
Digestive 0 0.00 2 0.66 2 0.26
I11-Defined 1 1.63 0 0.00 0 0.00
Total 5 13 37
Nonflying Officers
AN
Ranch Hand C1-C5 Comparison
No. Rate No. Rate No. Rate
Neoplasm, Malignant 0 o0.00 2 16.58 3 10.99
Circulatory System 0 0.00 1 8.34 1 3.56
Total 0 3 4
Nonflying Enlisted
All
Ranch Hand Cl1-C5 Comparison
No. Rate No. Rate No. Rate
Accidental 0 0.00 1 0.36 2  0.20
Suicide 0 0.Cc0 1 0.3 2 0.20
Infections, Parasitic 0 0.c0 1 0.35 1 0.10
Neoplasm, Malignant 1 1.81 5 1.81 13 1.27
8100d, Blood Forming 0 0.00" 0 0.00 1 0.10
Circulatory System 0 0.00 4 1.45 10 0.98
Respiratory System 0 0.00 2 0.73 5 0.49
Genitourinary System 0 0.00 0 0.00 1 0.10
I111-Dafined 0 0.00 0 0.00 2 0.2

Total

—
—
-9
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TABLE 36 (Cont'd)

Deaths and Death Rataes by Cause and Group for 1987

Accidental

Suicide

Infections, Parasitic
Neoplasm, Malignant
Blood, Blood Forming
Circulatory System
Respiratory System
Genitourinary System
I11-Defined

Total

Accidental

Suicide

Infections, Parasitic
Neoplasm, Malignant
Blood, Blood Forming
Circulatory System
Respiratory System
Digestive
Genitourinary System
111 -Defined

Total

A1l Nonflying

Ranch Hand

No.

COO0OO0COrOO0OO

—

All Peréonne]

Ranch Hand

No.

[+, HFOOONOMNOOK

Rate

0.C0
0.C0
0.C0
1.74
0.00
0.00
0.00
0.00
0.00

Rate

0.84
0.00
0.00
1.68
0.00
1.68
0.00
0.09
0.00
0.84

No.

OQOMNONO N rFs

—t
~4

No.

30

C1-C5
Rate

0.35
2.35
0.35
2.43
0.Co
1.74
0.70
6.00
0.00

Cl-C5S
Rate

0.34
0.17
0.17
1.87
0.00
1.70
0.51
0.34
0.00
0.00

All
Comparison
No. Rate

2 0.19
2 0.19
1 0.09
16 1.52
1 0.09
11 1.04
5 0.47
1 0.09
2 0.19
41
All
Comparison
No. Rate
4 0.22
4 0.22
1 0.06
33 1.82
1 0.06
24 1.33
6 0.33
2 0.11
1 0.06
2 0.11
78




Unagjusted group contrasts on each cause of death are shown in Tablss 37
and 38. Ranch Hand versus Cl-C5 Comparison contrasts were accomplished via
Wald tasts on the loygarithm of the odds ratio. Tne odds ratio estimate and
issociated confidence interval are also shown. Ranch Hand versus all Comparison
contrasts were based on Wald tests on th2 logarithm of the odds ratio and score
tasts on the one-sample SMR. Asscciated confidence intervals for the SMR are
also presented.

TABLE 37

Unadjusted Group Contrasts by Cause of Death
Rarch Hands versus C1-C5 Comparisons

Two=-sample
Ranch 4and Comp C1-C5 0dds 95% Conf.

Deaa Cead Ratio Interval P-value
Accidental 22 104 1.05 (0.66, 1.67) 2.84
Suicide 3 25 0.59 (0.18, 1.97) 0.39
Homicide 2 5 1.96 (0.38, 10.2) C.41
Infections, Parasitic 0 5
Neoplasm, Malignant 12 81 0.73 (0.40, 1.35) 0.32
Neoplasms, Uncertain J 2
Endocrine 1 2 2.48 (0.22, 27.4) 0.32
Blood, Blood Forming 0 0
Mental Disorders 0 1
Nervous System 0 2
Circulatory System 25 115 1.08 {0.70, 1.87) 0.73
Respiratory System 0 10 :
Digestive . 6 18 1.66 (0.66, 4.13) 0.29
Geritourinary System c 3
Congenital Anomalies 0 1
111-Defined 2 2 4.96 (0.70, 35.3) 0.11
Urnknown 1 0

In the second panel of Table 38, the confidence interval for the SMR in the
one-sample analysis of digestive deaths is based on a Poisson approximation.
The other confidence intervals in the second panel of Table 38 are based on the
asymptotic normality of the SMR.
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TABLE 38

ynadjusted Group Contrasts by Cause of Death
Ranch Hands versus All Comparisons

‘Ranch Hand

Accidental

Suicide

Homicide

infections, Parasitic
Meoplasm, Malignant.
Neoplasms, Uncertain
Endocrine

Blocd, Blood Forming
Mental Disorders
Nervous System
Circulatory System
Respiratory System
Digestive
Genitourinary System
Congenital Anomalies
I11-Defined

Unknown

Accidental

Suicide

Hemicide

Infections, Parasitic
Neoplasm, Malignant
Neoplasms, Uncertain
Endocrine

Blood, 8lood Forming
Mental Disorders
Nervous System
Circulatory System
Respiratory System
Digestive
Genitourinary System
Congenital Anomalies
I11-Defined

Unknown

Dead
22

HFNOOONNONOOOHOMNMNOMNW

Two=s5ample

All Comp
Cead

230
74
20

One-sample

Dead Expected

22

= NNOOOODMOOOrOMMNONW

17.50

13.64

18.64
2.23

Gdas

Ratio

1.15
0.51
1.58
0.80

5.0%

1.23
2.46

SMR
1.26

0.88

1.34
2.69

35% Conf.
Intarval

(0.74, 1.78)
(0.19, 1.95)
(0.35, 6.49)
(0.45, 1.44)

(0.53, 48.6)
(0.82, 1.36)
(1.04, 5.85)

(0.60, 13.9)
(0.65, 83.5)

95% Conf.
Interval

(0.73, 1.78)

(0.38, 1.38)

(0.82, 1.87)
(1.00, 5.85)

P-value
0.53
0.41
0.58
0.46

0.15

0.32
0.C4

P-value

0.28

0.66

0.14
0.01

The unadjusted two-sample contrast of all Ranch Hands with all Comparisons
on digestive deaths was statistically significant (odds ratio = 2.5, P=0.04) and
is of concern. The unadjusted one-sample analysis also indicates a significant

alevation (SMR = 2.7, P=0.01).
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considered superior since 1t takes survival time into account, through the
person-year determination, whereas the two-sample method depends only on the
sccurrence of death and not time to death. Both analyses are ceficient, how-
aver, in that they are not adjusted for date of birth, rank or occupation.
Adjusted analyses were not carried out since the number of Ranch Hand digestive
system deaths (6) is too few for meaningful adjustment. Regarding rank and
occupation, Table 34 shows that the 6 Ranch Hand digestive system deaths are
jpprcximately uniformly distributed across the four combinations of rank and
cccupation. These distributions tend to contradict a herbicide effect, since
unpublished dioxin assay results on living Ranch Hands suggest that Ranch Hand
officers were relatively unexposed to dioxin with the heaviest exposure occurred
in nonflying enlisted personnel. A distribution of these 6 deaths by site
(Table 44) reveals wide variation and is not suggestive of a herbicide effect.

TABLE 39

Cause-Specific Adjusted Analyses
Ranch Hand versus Cl1-C5 Compar{sons

Discrete Covariates

Adjusted Covarfates and
Cause 0dds Ratio 952 C I P-value Interactions (P-value)
Accidents 1.02 (0.81, 1.29) 0.84 Dccupation (0.02)
Malignant
Neoplasm 0.85 (0.63, 1.16) 0.31 Rank (0.02)
DOB {P<0.01)
Circulatory 1.07 (0.86, 1.34) 0.54 Occupation (0.30)

Tour (0.01)
DOB (P<0.01)
Ocs*D0OB (P<0.01)

Continuous Covarfates

Adjusted Covariates and
Cause 0dds Ratio 953 C 1 P-value Interactions (P-value)

Accidents 1.02 (0.81, 1.29) 0.84 Occupation (0.02)

Malignant
Neoplasm 0.85 (0.63, 1.16) 0.31 Rank (0.01)
Occupation (0.07)
Tour (0.49)
pDoB (P<0.01)
Rank*tour (0.03)
Occ*tour (0.03)

Circulatory 1.07 (0.86, 1.34) 0.55 Rank (P<0.01)

Tour (0.29)
D08 (0.28)
Tour*D0B (0.04)
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The same two-sample adjusted analyses of accidental, malignant neoplgsm
ari circuiatory deaths on Ranch Hands and all Comparisons are summarized 1n
Ta

ola 40.

Cause

Accidents

Malignant
Neoplasm

Circulatory

Cause

Accidents

Malignant
Neoplasm

Circulatory

TABLE 40

Cause-Specific Adjusted Analyses

Ranch Hanus versus All Comparisons

Two-sample, Discrete Covarfates

Adjusted

0dds Ratio BT C I P-value
1.05 (0.85, 1.31) 0.64
0.82 (0.62, 1.11) 0.20
1.06 (0.86, 1.31) 0.58

Continuous Covariates

Adjusted

0dds Ratio 952 C I P-value
1.05 ~ (0.85, 1.31) 0.64
0.83 (0.62, 1.12) 0.23
1,05 (0.85, 1.30) 0.65

Covariates and
Interactions (P-value)

Rank (0.04)
Occupation (P<0.01)

Rank (0.26)
DOB (P<0.01)
Rank*D0B (P<0.01)

Occupation (0.78)
Rank (0.02)

Tour (0.01)

DOB (P<0.01)
Occ*D0B (0.03)

Covarfates and
Interactions (P-value)

Rank (0.04)
Occupation (P<0.01)

Rank (0.01)
D08 (P<0.01)
Rank*D0B (0.02)

Rank (P<0.01)
DOB (P<0.01)

The Ranch Hands appear to be experiencing slightly more accidental deaths
(odds ratio = 1.05), and deaths due to circulatory disease (odds ratio = 1.05)

and fewer deaths due to malignant neoplasm (odds ratio =

0.83) than all Com-

parisons after adjustment for rank, occupation, date of birth and tour date.
However, none of the adjusted cause-specific odds ratios in Tables 39 and 40

are statistically significant.

time into account.
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Adjusted ore-sample analyses contrasting Ranch Hands with a1l Ccmparisons
on accidental, malignant neopiasm and ¢irculatory deatns were carried out with
cerson-vears comcuted from tour start date. These analysaes are adjusted for
gata of dirth, survival time, calendar time, rank and occupation. The results
are summarized in Tables 41, 42 and 43.

TABLE 41

One-sample Adjusted Ccntrasts of Ranch Hands and
All Comparisons on Accidental Deaths

Accidental Deaths Among QOfficers
SMR=1.23, 95% C I: (0.43, 2.03), P=0.54

Adjusted

Number Person- Number Expected
Birth Year At Risk years Dead Deaths
1310-1914 1 22 0 0.00
1915-1919 8 130 0 0.08
1920-1924 32 651 0 0.47
1925-1929 43 867 1 0.67
1930-1934 151 3108 2 2.37
1935-1939 96 1969 3 1.35
1940-1944 91 1725 1 1.53
1345-1949 45 777 2 0.77
Total 467 9249 9 7.35

Accidental Deaths Among Enlisted Personnel
SMR=1.18, 95% C I: (0.54, 1.83), P=0.54

Adjusted

Number Persone Number Expected
Birth Year At Risk years Dead Deaths
1910-1914 4 77 0 0.09
1915-1919 9 185 0 0.15
1920-1924 16 333 0 0.14
1925-1929 41 851 0 0.55
1930-1934 154 3030 4 2.15
1935-1939 117 2368 2 1.71
1940-1944 121 2485 1 1.72
194521949 321 6188 6 4.32
1950-1954 11 197 0 0.15
Total 794 15715 13 10.99
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TABLE 41 (Cont'd)

One-sample Adjusted Contrasts of Ranch Hands and
All Comparisons on Accidental Deaths

Accidental Deaths Among Flying Personnel

SMR=1.09, 95% C I: (0.5J, 1.69), ¢=0.75

Birth Year

1915-19193
1920-1924
1925-1929
1930-1934
1935-1939
1940-1944
1945-1949

Total

Number Person-
At Rizk years
9 136
35 720
53 1079
219 4435
146 2954
122 2379
64 1144
648 12847

Number
Dead

NP OO

13

Adjusted
Expected
Deaths

0.11
0.53
0.99
3.98
2.49
2.50
1.19

11.89

Accidental Deaths Among Nonflying Personnel

SMR=1.29, 95% C I: (0.45, 2.13), P=0.44

Birth Year

1910-1914
1915-1919
1920-1924
1925-1929
1930-1934 .
1935-1939
1940-1944
1945-1949
1950-1954

Total

Number Person-
At Risk years
5 99
8 179
13 254
31 539
86 1703
67 1383
90 1831
302 5822
11 197
613 12117
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Number

Dead

w OO rroOQooO

Adjustad
Expected
- Deaths

0.11
0010
0.04
0.25
0.91
0.74
0.96
3.70
0.16

6.98




TABLE 41 (Cont'd)

Une-sample Adjusted Contrasts of Ranch Hands and
All Comparisons on Accidental Ceaths

Accidental Deaths Among All Ranch Hands

SMP=1.16, 95% C I: (0.54, 2.36), P=0.54

Adjusted
Number Person- Number Expected
Birth Year At Risk years Deada Deaths
1905-1914 5 39 0 0.07
1915-1919 17 315 0 0.21 .
1920-1924 43 984 0 0.62
1925-1929 84 1718 1 1.24
1930-1934 305 6138 6 4.46
1935-1939 213 4337 5 3.04
1940-1944 212 4211 2 3.13
1945-1949 366 6966 8 5.09
1950-1954 11 197 0 0.15
Total 1261 24965 22 18.02

In the one-sample adjusted analysis of all Ranch Hand accidental deaths
summarized in the last panel of Table 41, there was no survival by rank by
occupation interaction (P=0.94). Additionally, the Ranch Hand versus all
Comparison contrast on accidental deaths did not vary significantly with rank
(P=0.53) or occupation (P=0.48).

TABLE 42

Lne-sample Adjusted fontrasts of Ranch Hands and
A1l Comparisons On Malignant Neoplasm Deaths

Malignant Neoplasm Deaths Among Officers
SMR=0.71, 95% C I: (0.09, 1.34), P=0.45

Adjusted
Number Person- Number Expected
Birth Year At Risk years Dead Deaths
1910-1914 1 22 0 0.04
1915-1919 8 130 0 0.33
1920-1924 32 651 1 1.50
1925-1929 43 867 2 1.09
1930-1934 151 3108 1 2.47
1935-1939 96 1969 0 0.90
1940-1944 91 1725 1 0.49
1945-1949 45 777 0 0.17
Total 467 9249 5 5.99

68




TABLE 42 (Cont'd)

One-sample Adjusted Contrasts of Ranch Hands and J
A1l Comparisons on Malignant Neoplasm Deaths

Malignant Neoplasm Deaths Among Enlisted Personnel

SMR=0.71, 95% C I: (0.18, 1.23), P=0.36

Adjusted

Number Person- Number Expected
Birth Year At Risk years Dead Deaths
1910-1914 4 77 1 0.34
1915-1919 9 185 2 0.94
1920-1924 16 333 0 1.16
1925-1929 41 851 1 1.84
1930-1934 154 3030 2 3.14
1935-1939 117 2368 0 1.14
1940-1944 121 2486 0 0.55
1945-1949 321 6168 1 - 0.75
1950-1954 11 197 0 0.01
Total 794 15715 7 9.88

Malianant Neoplasm Deaths Among Flying Personnel
SMR=0.57, 95% C I: (0.12, 1.03), P=0.17

Adjusted

Number Person- Number  Expected

Birth Year At Risk years Dead Deaths
1915-1919 9 136 1 3.41
1920-1924 35 720 1 1.70
1925-1929 53 1079 2 1.71
1930-1934 219 4435 1 4.30
1935-1939 146 2954 0 1.48
1940-1944 122 2379 1 0.61
1945-1949 64 1144 0 0.24
Total 648 12847 6 10.45
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TABLE 42 (Cont'd)

One-sample Adjusted Contrasts of Ranch Hands and
A1l Comparisons on Malignant Neoplasm Deaths

Malignant Neoplasm Deaths Among Nonflying Personnel
SMR=0.93, 95% C I: (0.19, 1.68), ?=0.86

Adjusted
Number Person- Number Expected
Birth Year At Risk years Dead Deaths
1910-1914 5 99 1 3.33
1915-1919 8 179 1 0.76
1920-1924 13 264 0 0.91
1925-1929 31 639 1 1.22
1930-1934 86 1703 2 1.53
1935-1939 67 1383 0 0.59
1940-1944 S0 1831 0 0.41
1345-1949 302 £822 1 0.68
1950-1954 11 : 197 0 0.01
Total 613 12117 6 6.44

Malignant Neoplasm Deaths Among All Ranch Hands
SMR=0.70, 953 C I: (0.40, 1.24), P=0.23

Adjusted

Number Person- Number Expected

Birth Year At Risk years Dead Deaths
1905-1914 5 99 1 0.29
1915-1919 17 315 2 1.14
1920-1924 48 984 1 2.74
1925-1929 84 1718 3 2.36
1930-1934 305 6138 3 5.86
1935-1939 213 4337 0 2.03
1940-1944 212 4211 1 0.99
1945-1949 366 6966 1 0.92
1950-1954 11 197 0 0.01
Total 1261 24965 12 16.95

In the one-sample adjusted analysis of all Ranch Hand malignant neoplasm
deachs summarized in the last panel of Table 42, there was no survival by rank
by occupation interaction (P=0.93). Additionally, the Ranch Hand versus all
Comparison contrast on accidental deaths did not vary significantly with rank
(P=0.40) or occupation (P=0.94).
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TABLE 43

One-sample Adjusted Contrasts of Ranch Hands and
A1l Comparisons on Circulatory Deaths

Circulatory Deaths Among Officers
SMR=0.93, 95% C I: (0.29, 1.58), P=0.84

Adjusted

Number Person- Number Expected
Birth Year At Risk years Dead Deaths
1910-1914 1 22 0 0.14
1915-1919 8 130 2 0.62
1920-1924 32 651 1 1.95
1925-1929 43 867 0 1.37
1930-1934 151 3108 4 3.17
1935-1939 96 1969 1 1.04
1940-1944 91 1725 0 0.26
1945-1949 45 777 0 0.02
Total 467 9249 8 8.58

Circulatory Deaths Among Enlisted Personnel
SMR=1.17, 95% C I: (0.62, 1.73), P=0.51

Adjusted
Number Person- Number Expacted
Birth Year At Risk years Dead Deaths
1910-1914 4 77 0 0.63
1915-1919. 9 185 0 1.39
1920-1924 16 333 2 1.62
1925-1929 41 851 3 2.08
1930-1934 154 3030 5 5.00
1935-1939 117 2368 3 2.36
1940-1944 121 2486 1 0.79
1945-1949 321 6168 2 0.74
1950-1954 11 197 0 0.01
Total 794 15715 17 14.61
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TABLE 43 (Cont'd)

One-sample Adjusted Contrasts of Ranch Hands and
A1l Comparisons on Circulatory Deaths

Circulatory Deaths Among Flying Personnel

SMR=0.76, 95% C I: (0.25, 1.23), P=0.38

Adjusted

Number Person- Number Expected

Birth Year At Risk years Dead Deaths
1915-191¢ 9 136 2 0.82
1920-1924 35 720 1 2.42
1925-1929 53 1079 0 1.99
1930-1934 219 4435 4 5.46
1935-1939 146 2954 2 1.80
1940-1944 122 2379 1 0.52
1945-1949 €4 1144 0 0.18
Total 648 12847 10 13.17

Circulatory Deaths Among Nonflying Personnel
SMR=1.53, 95% C I: (0.75, 2.30), P=0.10

Adjusted

Number Person- Number  Expected

Birth Year At Risk years Dead Deaths
1910-1914 5 99 0 0.80
1915-1919 8 179 0 1.14
1520-1924 13 264 2 1.11
1525-1929 31 639 3 1.41
1930-1934 86 1703 6 2.78
1935-1939 67 1383 2 i.41
1940-1944 90 1831 0 0.59
1945-1949 302 5822 2 0.58
1950-1954 11 197 0 0.01
15 9.83

Total 613 12117
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TABLE 43 (Cont'd)

One-sample Adjusteu Contrasts of Ranch Hands and
A1l Comparisons on Circulatory Deaths

Circulatory Deatis Among All Ranch Hands
SMR=1.09, 95% C I: (0.73, 1.61}, P=0.67

Adjusted

Humbar Person- Number  Expected

.Birth Year At Risk years Dead Deaths
1505-1914 5 99 0 0.74
1615-1919 17 315 2 1.81
1920-1924 48 884 3 3.65
1925-1929 84 1718 3 3.42
1930-1934 305 6138 10 8.62
1935-1939 213 4337 4 3.41
. 1540-1944 212 4211 1 1.11
1945-1949 366 6966 2 0.77
1950-1954 11 197 0 0.01
Total 1261 24955 25 23.68

In the one-sample adjusted analysis of all Ranch Hand circulatery dcaths
summarized in the last panel of Table 43, there was no survival by rank by
occupation interaction (P=0.93). Additionally, the Ranch Hand versus ali
Comparison contrast on accidental deaths did not vary significantly with rank
(P=0.68) or occupation (P=0.13).

None of the adjusted cause-specific SMR's shown in Tables 41, 42 and 43
are statistically significantly different from unity. The overall adjusted
cause-specific SMR's shown in the last parel of each of these three tables,
reflect the same pattern shown in the adjusted two-sample cause-specific
results in Table 40. The covariate adjusted one-sample results indicate that
the relative excess number of circulatory deaths in Ranch Hand nonflyers
(SMR=1.53) in Table 43 is not significantly different from the relatively
favorable circulatory mortality experience of Ranch Hand flyers (SMR=0.76,
P=0.94). Similarly, the changes in malignant neoplasm and accidental ceath
SMR's across levels of rank and occupation are not statistically significant.
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Cumulative digestive system mortality by [CD code (fcllowing ICD nomencla-
ture and spelling) is shown in Table 44, Digestive system mortality occurring
during the calendar years 1986 and 1987 are shown in Tables 45 and 46. Diges-
tive system mortality occurring during the calendar years 1983, 1984 and 1985 is
shown in the Appendix.

TABLE 44
Group Cumulative Site-Specific Nr imalignant Digestive System Mortality

Number of Deaths

Ranch All
Category Hand Cl1-C5 Comp
530-537 Oesophagus, Stomach and Duodenum
531.9 Gastric Ulcer 0 0 1
532.4 Duodenal Ulcer with Haemorrhage 0 0 1
532.5 Duodenal Ulcer with Perforation 0 1 1
533.4 Peptic Ulcer with Haemorrhage 0 0 1
540-543 Appendicitis
540.0 Acute Apuendicitis, Peritonitis 0 0 1
560-569 Intestine and Peritoneum, Other
564.1 Irritable Colon 0 1 1
570-579 Digestive System, Other
571.0 Alcoholic Fatty Liver 1 0 1
571.1 Acute Alcoholic Hepatitis 0 0 3
571.2 Alcoholic Cirrhosis of Liver 4 11 15
571.3 Alcoholic Liver Damage, Unspecified 0 1 4
571.5 Cirrhosis of Liver, Nonalcoholic 0 2 5
571.9 Unspecified Chronic Liver Disease
Without Mention of Alcohol 0 0 1
5§72.9 Other Sequelae of Chronic Liver Disease 1 0 0
577.0 Acute Pancreatitis 0 2 2
Totals 6 18 37

TABLE 45
Group Site-Specific Nonmalignant Digestive System Mortality for 1986

Number of Deaths

Ranch All
Category Hand C1-C5 Comp.
570-579 Digestive System, Other
571.2 Alcoholic Cirrhosis of Liver 0 1 1
Total 0 1 1
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TABLE 46

Group Site-Specific Nonmalignant Digestive System Mortality for 1987

Number of Deaths

Ranch All
Category Hand Cl-C5 Comp
£60-569 Intestine and Peritoneum, Other
564.1 Irritable Colon 0 1 1
570-379 Digestive System, Other
571.2 Alcoholic Cirrhosis of Liver 0 { 1
Total 0 2 2

Table 38 shows that the Ranch Hand nonmalignant digestive death rate is
alevated, relative to that of all Comparisons (one-sample unadjusted SMR = 2.7,
?=0.01). Five of the six Ranch Hand digestive deaths (83%) and 29 of the 37
Comparison digestive deaths (79%) were liver-related. A1l (100%) of the 5 Ranch
Hand and 23 (79%) of tne 29 Comparison liver-relatad digestive deaths were
attributable to alcohol. The 6 Ranch Hand digestive deaths are distributed by
rank and occupation as 2 flying officers, 2 flying enlisted and 2 nonflying
enlisted. The 5 Ranch Hand alcohol-related digestive deaths are distributed as
2 flying officers, 1 flying enlisted and 2 nonflying enlistcd. Digestive system
mortality during 1986 and 1987, summarized in Tables 47 and 48, and digestive
system mortality during the years 1983, 1984 and 1985, shown in Appendix Tables
13 thraugh 15, is unremarkable =ince the last Ranch Hand digestive system death
occurrad in 1985. Digestive system deaths did not, therefore, contribute to the
already noted (Table 22) incireased Ranch Hand mortality during 1986 and 1937.

. Table 47 shows cumuiative site-specific malignant neoplasm mortality by
group.. v
TABLE 47
Group Cumulative Site-Specific Neoplasm Mortality

Number of Deaths

Ranch All
Category Hand C1-C5 Comp
140-149 Lip, Oral Cavity and Pharynx
140.9 Lip, Unspecified 0 1 1
141.9 Tongue, Unspecified 0 1 3
144.9 Floor of Mouth, Unspecified 0 1 1
145.9 Mouth, Unspecified 0 1 2
146.0 Tonsil 0 1 1
147.9 Nasopharynx, Unspecified 0 1 1
148.1 Pyriform Sinus 0 0 2
150-159 Digestive Organs and Peritoneum
150.3 Qesophagus, Upper Third 0 1 1
150.5 QOesophagus, Lower Third 0 0 1
150.9 Oesophagus, Unspecified 1 3 6
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TABLE 47 (Cont'd;
Group Cumulative Site-Specific Neoplasm Mortality
Number of Deaths

Rarch A
Category Hand Cl-C5 Comp

150-159 Digestive Organs and Peritoneum
151.9 Stomach, Unspecified
153.4 Colon, Caecum
153.5 Colon, Appendix
153.9 Colon, Uuspecified
154.0 Rectosigmoid Junction
154.1 Rectum
154.3 Anus, Unspecified
157.4 Islets of Langerhans
157.9 Pancreas, Unspecified
159.0 Intestinal Tract, Unspecified
160-165 Respiratory and Intrathoracic Organ
160.9 Accessory Sinus, Unspecified
161.1 Supraglottis .
161.9 Larynx, Unspecified
162.2 Main Bronchus
162.3 Upper Lobe, Bronchus or Lung
162.4 Middle Lobe, Bronchus or Lung
162.9 Bronchus and Lung, Unspecified
163.9 Pleura, Unspecified
. 164.9 Mediastinum, Unspecified
170-175 Bone, Connective Tissue, Skin and Breast
170.9 Bone and Articular Cartilage, Unspecified
171.3 Connective, Soft Tissue, Lower Limb, Hip
171.8 Connective, Soft Tissue, Other
171.9 Site Unspecified
172.5 Skin, Trunk
172.9 Skin, Unspecified
179-189- Genitourinary Organs
185.0 Prostate
188.9 Bladder, Unspecified
189.0 Kidney, Except Pelvis
190-199 Other and Unspecified Sitas
191.1 Brain, Frontal Lobe
191.7 Brain Stem
191.9 Brain, Unspecified
195.0 Head, Face and Neck
197.5 Large Intestine and Rectum
199.0 Disseminated, Unspecified
199.1 Other, Unspecified
200-208 Lymphatic and Haematopoietic Tissue
200.1 Lymphosarcoma
200.8 Reticulolymphosarcoma
201.9 Hodgkin's Disease, linspecified
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200-208
202.8
203.0
204.0
204.1
204.9
205.0
206.0
207.8
208.0

210-229
213.0

239
239.6

Total

TABLE 47 (Cont'a)

Group Cumulative Site-Specific Neoplasm HMortality

Category

Lymphatic and Haematopoietic Tissue
Other Lymphomas

Multiple Myeloma

Acute Lymphoid Leukaemia
Chronic Lymphoid Leukaemia
Lymphoid Leukaemia, Unspecified
Acute Myeloid Leukaemia

Acute Monocytoid Leukaemia
Lymphosarccma Cell Leukaemia
Acute Leukaemia, Unspecified
Benign Neoplasms

Bones of Skull and Face
Neoplasms of Unspecified Nature
Neoplasm, Brain, Unspecified

Number of Ceaths

Ranch All
Hand Cl-C5 Comp
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o o OCOO0OO0OOCOOOO
—
[

2 2

—
[a]

83 229

Site specific summaries of malignant neoplasm deaths occurring during 1986

are shown in Table 48.

The corresponding summary for 1987 is shown in Table 49.

Site-specific summaries of malignant neoplasm deaths occurring 1983, 1984. and
1985 are shown in the Appendix.

TABLE 48

Group Site-Specific Malignant Neoplasi: Mortality for 1986

150-159
150.3
150.9
151.9
153.9
157.9

160-165
162.9

170-175
172.9

Category

Digestive Organs and Peritoneum
Qesophagus, Upper Third

Oesophagus, Unspecified

Stomach, Unspecified

Colon, Unspecified

Pancreas, Unspecified

Respiratory and Intrathoracic Organs
Bronchus and Lung, Unspecified

Bone, Connective Tissue, Skin and Breast
Skin, Unspecifiad
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Number of Deaths

Ranch All
Hand C1-C5 Comp

0 1 1
1 1 2
0 0 1
0 3 7
1 0 0
0 4 12
0 1 3




Group Site-Specific Malignant Neoplasm Mortality for 1986‘

179-189

TABLE 48 (Cont'd)

Category

Genitourinary Organs

188.9 Bladder, Unspecified

150-199

Other and Unspecified Sites

191.9 Brain, Unspecified
199.1 Other, Unspecified

Total

TABLE 49

Yumper of Ceaths

Ranch
Hand

O r—

Cl-CS

11

Group Site-Specific Malignant Neoplasm Mortality for 1987

140-149

144,
145.
148.

150-159

151.
153.
154.
124,
157.

160-165

162.
162.
152.

170-175

4
9
171.3
171.9
.9
0
7
9
1

172
179-189

189.

190-199

191.
191.
199.

9
9
1

9
9
1
3
9

2

Category

Lip, Oral Cavity and Pharynx

Floor of Mouth, Unspecified

Mouth, Unspecified

Pyriform Sinus

Digestive Organs and Peritoneum
Stomach, Unspecified

Colon, Unspecified

Rectum

Anus, Unspecified

Pancreas, Unspecified

Respiratory and Intrathoracic Organs
Main Bronchus _

Middie Lobe, Bronchus or Lung
Bronchus and Lung, Unspecified

Bone, Connective Tissue, Skin and Breast
Connective, Soft Tissue, Lower Limb, Hip
Site Unspecified

Skin, Unspecified

Genitourinary Organs

Kidney, Except Pelvis

Other and Unspecified Sites

Brain Stem

Brain, Unspecified

Other, Unspecified
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TABLE 49 (Cont'd)
Group Site-Specific Malignant Neoplasm Mortality for 1987

Number of Deaths

Ranch A1l
Category Hand Cl1-C5 Comp
200-208 Lymphatic and Haematopoietic Tissue
202.8 Other Lymphomas 0 0 1
204.9 Lymphoid Leukaemia, Unspecified 0 0 1
208.0 Acute Leukaemia, Unspecified 0 0 1
210-229 Benign Neoplasms :
213.0 Bones of Skull and Face 0 1 1
Total 2 11 33

Table 47 shows that the malignant neoplasm deaths appear to be widely
distributed by site with approximately one-third (33%) occurring in the Tung in
all three groups. Within-year patterns, shown in Tables 48 and 49 and Appendix
Tables 7 through 9, also appear to be similarly distributed.

The morphology of cumulative malignant neoplasm deaths is summarized in
Table 50.
TABLE 50

Morphology of Cumulative Malignant Necplasm Deaths by Group

Ranch Al
Category Hand C1-C5 Comp
M800 Neoplasms NOS
140-149 Lip, Oral Cavity and Pharynx 0 g 1
150-159 Digestive Organs and Peritoneum 1 8 20
160-165 Respiratory and Intrathoracic Organs 2 15 32
179-189 Genitourinary Organs 0 1 3
190~199 Other and Unspecified Sites 1 2 13
235-238 Neoplasms, Uncertain 0 1 1
M801-M804 Epithelial Neoplasms NGS
140-149 Lip, Oral Cavity and Pharynx 0 2 3
150-159 Digestive Organs and Peritoneum 1 4 13
160-165 Respiratory and Intrathoracic Organs 2 13 38
179-189 Genitourinary Organs 1 1 2
190-199 Other and Unspecified Sites 1 2 6
M805-M808 Papillary and Squamous Cell Neoplasms
140-149 Lip, Oral Cavity and Pharynx 0 4 7
150-159 Digestive Organs and Peritoneum 0 1 1
160-165 Respiratory and Intrathoracic Organs 0 2 6
190-199 Other and Unspecified Sitas 0 1 2
M814-M838 Adenomas and Adenocarcinomas
150-159 Digestive Organs and Peritoneum 1 7 16
160-165 Respiratory and Intrathoracic Organs 0 4 7

79

Number of Deaths




Morphology of Cumulative Malignant Neoplasm Deaths by Group

M814-M838
179-189
130-199

M856-M858

"~ 190-199

M872-¥879
160-165
170-175

M881-M883
170-175

M885-M888
170-175

M305
160-165

MSC6-M909
190-199

M921-M924
210-229

M926
170-175

M935-M937
239

M938-M948
150-199

M949-m352
170-175

M959-M963
2C0-208

M964
200-208

M965-M966
200-208

M973
200-208

M980
200-208

M982
200-208

M985
200-208

M986
200-208

M989
200-208

Total

TABLE 50 (Cont'd)

Category

Adenomas and Adenocarcinomas
Genitourinary Organs

Other and Unspecified Sites

Complex Epithelial Neoplasms

Other and Unspecified Sites

Naevi and Melanomas

Respiratory and Intrathoracic Organs
Bone, Connective Tissue, Skin and Breast
Fibromatous Neoplasms

Bone, Connective Tissue, Skin and Breast
Lipotamous Neoplasms

3one, Connective Tissue, Skin and Breast
Mesothelial Neoplasms

Respiratory and Intrathoracic Organs
Germ cell Neoplasms

Other and Unspecified Sites
Chondromatous Neoplasms

Benign Neoplasms

Miscellanecus Brain Tumors

Bone, Connective Tissue, Skin and Breast
Miscellaneous Tumors

Neoplasms of Unspecified Nature

Glicmas

Other and Unspecified Sites
Neuroepitheliomatous Neoplasms

Bone, Connective Tissue, Skin and Breast
Lymphomas NJS or Diffuse

Lymphatic and Haematopoietic Tissue
Reticulosarcomas

Lymphatic and Haematopoietic Tissue
Hodgkin's Cisease

Lymphatic and Haematopoietic Tissue
Plasma Cell Tumors

Lympnatic and Haematopoietic Tissue
Leukaemia NOS

Lymphatic and Haematopoietic Tissue
Lymphoid Leukaemias

Lymphatic and Haematopoietic Tissue
Lymphosarcoma Cell Leukaemias

Lymphatic and Haematopoietic Tissue
Myeloid Leukaemias

Lymphatic and Haematopoietic Tissue
Monocytic Leukaemias

Lymphatic and Haematopoietic Tissue
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Taoles 51 and 52 show morphology of malignant neoplasm deaths occurring
during 1986 and 1937.

TABLE 51
Morphology of Malignant Neoplasm Deaths by Group for 1586

Number of Deaths

' Ranch All
Category Hand C1-C5 Comp

M8Q0 Neoplasms NOS

150-159 Digestive Organs and Peritoneum 1 3 8

160-165 Respiratory and Intrathoracic Organs 0 4 6

179-189 Genitourinary Organs 0 1 1

190-199 Other and Unspecified Sites 1 0 1
M801-M804 Epithelial Neoplasms NOS

150-159 Digestive Crgans and Peritoneum 0 0 1

160-165 Respiratory and Intrathoracic Organs 0 0 5
M805-M808 Papillary and Squamous Cell Neoplasms

150-159 Digestive Organs and Peritoneum 0 1 1

160-165 Respiratory and Intrathoracic Organs 0 0 1
M814-M838 Adenomas and Adenocarcinomas

150-159 Digestive Organs and Peritoneum 1 1 1

190-199 Other and Unspecified Sites 0 0 1
M872-M879 Naevi and Melanomas

170-175 Bone, Connective Tissue, Skin and Breast 0 1 3
M938-M948 Gliomas

160-199 Other and Unspecified Sites 0 0 1

Total 3 11 30

TABLE 52
Morphology of Malignant Neopiasm Deaths by Group for 1987

Number of Deaths

Ranch All
Category Hand Cl-C5 Comp
M800 Neoplasms NOS
150- 159 Digestive Organs and Peritoneum 0 0 1
160 165 Respiratory and Intrathoracic Organs 1 2 3
179-189 Genitourinary Organs 0 0 1
M801-M804 Epithelial Neoplasms NOS
150-159 Digestive Organs and Peritoneum 0 1 5
160-165 Respiratory and Intrathoracic Organs 0 6
190-199 Other and Unspecified Sites 0 1 2
M805-M808 Papillary and Squamous Cell Neoplasms
0 2 3

140-149 Lip, Oral Cavity and Pharynx
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TABLE 52 (Cont'd)
Morphology of Malignant Neoplasm Deaths by Group for 1287
Number of Jeaths

Ranch Al
Category Hand Cl-C5 Ccmp

M814-M838 Adenomas and Adenocarcinomas
150-159 Digestive Organs and Peritoneum 0
160-165 Respiratory and Intrathoracic Organs 0 1 3
0

—
—

M872-M879 Naevi and Melanomas

170-175 Bone, Connective Tissue, Skin and Breast 0 1
M881-M883 Fibromatous Neoplasms

170-175 Bone, Connective Tissue, Skin and Breast 1 0 0
M885-M888 Lipotamous Neoplasms

170-175 Bone, Connective Tissue, Skin and Breast 0 0 1
M921-M924 Chondromatous Neoplasms

210-229 Benign Neoplasms 0 1 1
M938-M948 Gliomas

190-199 Other and Unspecified Sites 0 0 2
M959-M963 Lympnomas NOS or Diffuse

200-208 Lymphatic and Haematopoietic Tissue 0 0 1
M980 Leukaemia NOS

200-208 Lymphatic and Haematopoietic Tissue 0 0 1
M982 Lymphoid Leukaemias

200-208 Lymphatic and Haematopoietic Tissue 0 0 1

Total 2 i1 33

With regard to morphology, the 12 Ranch Hand malignant neoplasm deaths
appear widely distributed and as expected relative to the mortality exgperience
of all Comparisons, both cumulatively (Table 50) and within calendar year
(Tables 51 and 52 and Appendix Tables 10 through 12).

In summary, an elaboration of Ranch Hand and Comparison digestive deaths
by site and malignant neoplasm deaths by site and morphology revealed no

unusual pattern of Ranch Hand deaths relative to the mortality experience of
all Comparisons.
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5. RANCH HAND EXPOSURE ANALYSES

The exposure of a Ranch Hand to dioxin has been estimated as being propor-
tional to the number of galions sprayed and inversely proportional to the number
of men in the subject Ranch Hand's occupational category during his tour. This
index has been categorized to "low", "medium" and "high" levels and has been
considered a surrogate for a direct body measurement of exposure. Actual body
burdens of dioxin are currently being determined for 2000 of the participants
in the morbidity phase of this study, but this procedure is not feasible for use
in the mortality phase. The effect of dioxin exposure on Ranch Hand mortality
was assessed witinin the Ranch Hand group via loglinear amalysis. Additionally,
the one-sample person-years approach has been applied to assess whether tne
Ranch Hand versus all Comparison mortality contrast changes with levels of
dioxin exposure within the Ranch Hands.

The loglinear analysis included rank (Officer, Enlisted), tour (early,
late), exposure (low, medium, high) and mortality (dead, alive). The data are
summarized in Table 53.

TABLE 53

Survival versus Air Force Exposure Index Levels within
the Ranch Hands with Adjustment for Rank and Tour

Exposure

Rank Tour Surviva]k Low Medium High Total
Qfficer Early Dead -3 9 9 21
Alive 54 . 106 - 137 297

Total 57 115 146 318

Late Dead 4 1 0 5

Alive 91 33 20 144

Total 95 34 20 149

Enlisted Early  Dead 11 11 18 40
Alive 104 226 197 527

Tatzl 115 237 215 567

Late Dead 6 2 Q 8

Alive 143 36 40 219

Total 149 38 40 227

There is no significant association between exposure level and mortality
in these data with (P=0.51) or without (P=0.82) adjustment for rank and tour
date. There is a strong marginal association between tour date and exposure
(P<.001) which is expected because the spraying was more intense during late
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tours tnan during early tours. Prior to 1965, only 3 aircraft were assigned
to the Ranch Hand mission and this number increased to 36 by 1968.

The one-sample person-years analysis was carried out within each level of
rank (Officer, Enlisted) to assess whether the Ranch Hand versus all Comparison
nortality contrast changed with levels of exposure. Person-years were computed
from tour start date. The results are summarized in Table 54.

TABLE 54
Ranch Hand Exposure within 0fficers and within Enlisted
One-sample Person-years Assessment Relative *o

A1l Comparisons

Analysis within the Officers

Adjusted
Number of Expected Adjusted
Exposure Deaths Deaths SMR

Low 7 7.52 0.93

Medium 10 10.16 0.98

High 9 9.69 0.93
Contrast Relative Risk P-value
Medium versus Low and High 1.06 0.91
High versus Low and Medium 1.00 . 1.00

Analysis within the Enlisted Personnei

Adjusted

Number of Expected Adjusted

Exposure Deaths Deaths SMR

Low 17 14.70 1.16

Medium 13 13.78 g.94

High 18 17.56 1.03

Contrast Relative Risk P-value

Medium versus Low and High 0.82 0.58
High versus Low and Medium 0.89 0.72

Both the loglinear and one-sample person-year analysis fail to reveal any
relationship between mortality and the exposure index.

Unpublished dioxin assay results suggest that the Air Force exposure index
is not a valid measure of exposure to TCDD. The relationship between this index
and dioxin body burden in living Ranch Hands will be described in a forthcoming
raport. .
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6. CCNCLUSICN

An evaluation of total and cause-sped fic mortality revealed no statisti-
cally significant differences between Ranc. Hands and C1-C5 Comparisons or all
Comparisons. The many non-cause specific anaiyses are summarized in Table 55,
which displays the results of only the most fully adjusted one and two-sample
analyses.

TABLE 55
Non-cause Specific Summary

0dds Ratio (or SMR) and 95% Confidence Interval

Ranch Hand Ranch Hand
Analysis versus Cl1-C5 versus All Comp
Two-sample
Logistic reg-discrete 1.00 (0.88, 1.14) *hkk
Logistic reg-continuous 1.00 (0.87, 1.14) 1.00 (0.88, 1.13)

One-sample SMR, adjusted ' 1.01 (0.80, 1.26)

None of the odds ratios, or the one-sample SMR, reported in Table 55 are
statistically different from unity. The two-sample logistic regression analysis
with continuous covariates was adjusted for rars, occupation, date of birth and
tour start date, with date of birth and tour start date continuously distrib-
uted. The two-sample logistic regression analysis with discrete covariates
was adjusted for rank, occupation, date of birth and tour start date, with date
of birth dichotomized at 1 January 1935 and tour start date dichotomized at
2 October 1968. The one-sample SMR analysis was adjusted for rank, occupation,
date of birth and calendar time in 5 year intervals, and survival time via
person-years. Interactions were investigated in the one and two-sampie analyses
by including all pairwise covariate by covariate interactions in each model.
Date of birth contributed signif antly (P<0.001) to the fit of the model in
all two-sample non-:ause specific analyses.

In the single obsarved covariate by survival by group interaction, indi-
cated with asterisks in Table 55, there was a significant group by survival by
tour date (early, late) interaction due to a change in the group by survival
odds ratio with levels of tour. Early tours were defined as those having a
tour start date before 1 October 1968; late tours were defined as those starting
after that date. For veterans with 2arly tours, the adjusted odds ratio was
1.10 and the adjusted odds ratio for late tours was 0.93. T'is interaction
was not detected in any of the other discrete or continuous adjusted analyses
and indicates a reduced Ranch Hand risk of death in late tours and a slightly
highsr risk of death in early tours. Further, if tour is trichotomized, the
interaction is not significant and the pattern of odds ratios is not suggestive
of an exposure effect. This interaction remains unexplained at this time.
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The adjusted cause specific analyses are summarized in Table 56. Only
accidental, malignant neoplasm and circulatory deaths were numerous enough to
permit adjusted analyses. lone of the adjusted odds ratios shown in Table 36
are statistically different from unity.

TABLE 56

Adjusted Odds Ratio, Cause-specific Summary
Ranch Hand versus C1-C5 and All Comoarison

Accidzontal, Malignant Neoplasm and Circulatory Deaths

C1-C5 A11 Comparison
Two-sample - Twz-sample One-sample
Cause Disc Cont Disc Cont
Accidental 1.02 1.02 1.05 1.05 1.16
Necplasms, malignant 0.85 0.85 0.82 0.83 0.70
Cicculatory system 1.07 1.07 1.06 1.05 1.09

The Ranch Hand digestive system death rate was significantly elevated
relative to that of all Comparisons (unadjusted SMR = 2.7, P=0.01). However,
5 of the 6 Ranch Hand digestive system deaths were attributable to alcohol

consumption and, therefore, this f’'nding is considered unrelated to herbicide
exposure.

Two statistically significant interactions reported in the 1984 update
were also investigated with current data. The first, a group by survival by
date of birth interaction, was not statistically significant irn any analysis
of Ranch Hands versus Cl-C5 Comparison mortality or versus all Comparison mor-
tality. A second interaction reported in the 1944 update, a significant group
by survival-to-age-35 by rank interaction, remaired statistically significant
in Ranch Hand and C1-C5 mortality data and appears to be due to an excess of
non-diseasc deaths 1n Ranch Hand officers under the age of 35. The observed
aumber of such deaths in that cell is 7 and the expected number is 3. Of the
seaven deaths, 6 were accidental and one was a suicide. The same interaction
was not statistically significant in the curresponding Ranch Hand versus ail
Comparison analysis or in similar analyses restricted to accidents. Taese
patterns scem unrelated to herhicide exposure and are probably spurious.

Statistically significant increasing trends in the SMR, relative to the .
mortality experience of all Comparisons, duriny the years 1983 through 1987
were noted in flying officers, flyers, officers, and all nersonnel. The trends
in flyers, officers and all personnel are attributed to the increasing trend
among flying officers wherein the calendar year-specific SMR's were 0.00 in
1983, 0.59 in 1984, 0.69 in 1985, 2.80 in 1986 and 1.7 in 1987. This pattern
is due to unusuaily low Ranch Hand death rates prior to 1986 and increased
number of Ranch Hand circulatory and malignant neoplasms deaths during 1586 and
1987. However, Ranch Hand malignant neoplasm deaths in this stratum during 1986
and 1987 are not restricted to a particular anatomic site or morphology, as
might be expected if dioxin was exerting a direct effect on malignant disease.
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Additionally, current TCDD assay results suggest that flying otfficers were among
the least exposed of all Ranch Hand personnel. These trends were not assessed
relative to the Air Force exposure index due to data sparseness. Although they
are not suggestive of a herbicide effect, these results remain unexplained at
this time and emphasize the need for continued surveillance.

An analysis of Ranch Hand mortality versus dioxin exposure, as estimated
by the Air Force exposure index, revealed no association between mortality and
axposure. _

- In conclusion, the overall cumulative mortality of the Ranch Hands remains
statisticalily indistinguishable from that of both their matched Comparisons and
the entire Comparison population, althouch there is a statistically significant
increasing trend in post-1583 death rates among Ranch Hand flying officers and
a statistically significant increase in Ranch Hand digestive system deaths
relative to the Comparison population; these findings are not suggestive of a
herbicide effect. Ranch Hands are equivalent to all Comparisons in cumulative
accidental, malignant neoplasm and circulatory system mortality.
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Figure 31

Log{-Log(Survival)] versus Time
All Ranch Hands and (1-CS Ccmparisons
Oate of Birth Before and After 1 January 1935
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Tn Figure 31, TIME labels iime since start of tour, measured in months.
The lover curve is log[-log(survival)] for participants born before 1935: the
upper curve is the corresponding plot for participants born after 1635. On
the vertical axis, LAMBDA labels cumulative hazard, equal to -log{survival).
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TABLE 1
Deaths During 1983
Summary Counts by Rank and Group
Flying Officers
Number Humber Rata Person- Rate Per 1000
Group At Risk Deaths (%) years Person-years
Ranch Hand 427 e 0.00 427 0.00 !
Cl-C5 2089 3 0.14 2088 1.44
A1l Comp 5033 22 0.44 5021 4,38
Enlisted Flyers

Number Number Rate Person- Rate Per 1000

Group At Risk - Deaths (%) years Person-years
Ranch Hand 199 1 0.50 199 5.03
C1-CS 979 6 0.81 976 6.15
All Comp 2697 14 0.52 2689 5.21

A1l Flyers

Number Number Rate Person- Rate Per 1000

Group At Risk Deaths (%) years Person-years
Ranch Hand 626 1 0.16 626 . 1.60
C1-C5 3068 9 0.29 3064 - 2.94
A1l Comp 7730 36 0.47 7710 4.67

Nonflying Officers

Number Number Rate Person- Rate Per 1000

Group At Risk Deaths . (%) years Person-years
Ranch Hand 25 0 0.00 25 0.00
Cl-C5 121 0 0.00 121 0.00
All Comp 279 0 0.00 279 0.00
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AELE 1 (Cont'd)
Deaths During 1283

Summary Counts by Rank and Group

Nonflying Enlisted

Number Number Rate Person-  Rat2 Per 1CCQ

Group At Risk Deaths (%) years Person-years
Ranch Hand 559 2 0.36 558 3.58
C1-C5 2805 6 0.21 2802 2.14
A1l Comp 10405 - 23 0.22 10394 2.21

Number Number Rate Parson- Rate Per 1000

Group At Risk Deaths (%) years Person-years
Ranch Hand 584 2 0.34 533 3.43
C1-C5 2926 6 0.21 2923 2.05
A1l Comp 10684 23 0.22 10673 2.16

All Personnel

Number Number Rate Person~ Rate Per 10C0
Group At Risk Deaths (%) years Person-years
Ranch Hand 1210 3 0.25 1209 2.48
C1-CS 5994 15 0.25 5987 2.51
A1l Comp 18414 59 0.32 18382 3.21
TABLE 2

Deaths During 1984

Summary Counts by Rank and Group

Flying Officers

Number Number Rate Person- Rate Per 1000

Group At Risk Deaths %) years Person-years
Ranch Hand 427 1 0.23 426 2.35
Cl1-C5 2086 7 0.34 2083 3.36
Al1 Comp 5011 20 0.40 5002 4.00
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Group
Ranch Hand

C1-C5
All Comp

Group

Ranch Hand

C1-C5
Ail Comp

Group

Ranch Hand
£i-Cs
Ail Comp

Group

Ranch Hand
€1-C5
A1l Comp

Humber
At Risk

128
973
2683

Number
At Risk

625
3059
7694

Number
At Risk

25
121
279

Mumber
At Risk

557
2799
10382

TABLE 2 (Cont'd)

Deaths During 1964

Enlisted Flyers

Number Rate
Deaths (%)

0 0.C0
) G.52
12 0.45
All Flyers
Number Rate
Deaths (%)
1 0.16
13 0.42
32 0.42

Nonflying Officers

Mumber Rate

Deaths (%)
Q 0.C0
0 0.C0
1 0.36

Nonflying Enlisted
Number Rate

Deaths %)
0 0.00
9 0.32
35 0.34

167

Person-
years

198
971
2679

Person-
years

624
3054
7681

Person-
years

25
121
278

Persoi:-
years

557
2796
10365

Rate Per 1000
Person-years

0.C0
6.18
4.48

Rate Per 1000
Person-years

1.60
4.26
4.17

Rate Per 1000
Person-years

0.C0
0.00
3.59

Rate Per 1000
Person-years

0.00
3.22
3.38




TABLE 2 (Cont'a)
Oeaths During 1584

All Nonflyers

Number Number Rate Person-  Rate Per 10CO

Group At sk Deaths (%) years Parson-years
Ranch Hand £82 0 0.C0 582 0.C0
C1-C5 2920 9 0.31 2917 .03
A1l Comp 10461 36 0.34 10644 3.38

All Personnel

Number Number Rate Person- Rate Per 1000
Group At Risk Deaths (%) years Person-years
Ranch Hand 1207 1 0.08 1206 0.83
C1-C5 5979 22 0.37 5970 3.68
A1l Comp 18355 68 0.37 18325 3.71
TABLE 3

Deaths During 1985

Summary Counts by Rank and Group

Flying Officers
Numb.ap Numbe Rate Person- Rate Per 1000

Group At Risk Deaths (%) years Parscn-years
Ranch Hand 426 1 0.23 425 2.35
Cl1-C5 2079 10 n.48 2076 4.32 ’
A1l Comp 4991 17 c.34 4986 3.41

Enlisted Flyers

Number Numbzr Rate Person-  Rate Per 1000

Group At Risk Deaths (3) years Person-years
Ranch Hand 198 1 0.51 197 5.07
Cl-C5 967 4 0.41 965 1.14
A1l Comp 2671 12 B 0.45 2665 4.50
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TABLE 3 (Cont'd) {
Deaths During 1985

All Flyers
Number Number Rate Person- Rate Per 1000
Group At Risk Deaths (%) years Person-years
Ranch Hand 624 2 0.32 623 3.21
Cl-C5 3046 14 0.46 3041 4.60
A1l Comp 7662 29 0.38 7651 3.79

Nonflying Officers

Number Number Rate Person-  Rate Per 1000

Group At Risk Deaths (%) years Person-years
Ranch Hand 25 0 0.00 25 0.00
C1-¢5 121 0 0.00 121 0.00
A1l Comp 278 1 0.36 277 3.61

Nonflying Enlisted

Number Number Rate Person- Rate Per 1000

Group At Risk Deaths (%) years Person-years
Ranch Hand 557 2 - 0.36 557 3.56
Cl-C5 2790 14 0.50 2783 5.03
A1l Comp 10347 41 0.40 10327 3.97

All Nonflyers

Number Number Rate Person- Rate Per 1000

Group At Risk  Deaths (%) years Person-years
Ranch Hand 582 2 0.34 582 3.44
Cl-C5 2911 14 0.48 2904 4.82
A1l Comp 10625 42 0.40 10604 3.06

A1l Personnel

Number Number Rate Person- Rate Per 1000
Group At Risk Deaths (%) years Person-years
Ranch Hand 1206 4 0.33 1204 3.32
Cl-C5 5957 28 0.47 5945 4.71
A1l Comp 18287 71 0.39 18255 3.89
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TABLE 4 l
Deaths and Jeath Rates by Cause and Group for 1983
Flying Officers {
ANl
Ranch Hand Cl-CS Ccomparison
No. Rate No. Rate No. Rate
Accidental 0 0.cC 0 0.00 3 0.60
Suicide 0 0.00 1 0.48 2 0.40
Infections, Parasitic 0 0.0 1 0.48 1 0.20
Neoplasm, Malignant 0 0.00 1 0.48 8 1.59
Nervous System 0 0.00 0 0.00 1 0.2
Circulatcory System 0 0.00 0 0.00 7 1.39
Total 0 3 22
Enlisted Flyers
All
Ranch Hand C1-C5 Comparison
No. Rate No. Rate No. Rate
Accidental 0 0.00 0 0.00 2 0.74
Suicide 0 0.00 1 1.02 2 0.74
Neoplasm, Malignant 0 0.00 2 2.05 3 1.12
Circulatory System 0 0.00 1 1.02 5 1.86
Respiratory System 0 0.00 1 1.02 1 0.37
Digestive 0 0.00 1 1.02 1 0.37
I111-Defined 1 5.03 0 0.00 0 0.00
Total 1 6 14
All Flyers
All
Ranch Hand C1-C5 Comparison
No. Rate No. Rate No. Rate
Accidental 0 0.00 0 0.00 5 0.65
Suicide 0 0.00 2 0.65 4 (.52
Infections, Parasitic 0 0.00 1 0.33 1 0.13
Neoplasm, Malignant 0 0.co 3 0.98 11 1.43
Nervous System 0 0.00 0 0.00 1 0.13
Circulatory System 0 0.00 1 0.33 12 1.56
Respiratory System 0 0.00 1 0.33 1 0.13
Digestive 0 0.00 1 0.33 1 0.13
111 -Defined 1 1.60 0 0.00 0 0.00
Total 1 9 36
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TABLE 4 (Cont'd)

Deaths and Death Rates by Cause and Group for 1983

Total

Accidental

Suicide

Homicide

Infections, Parasitic
Neonlasm, Malignant
Nervous System
Circulatory System
Digestive

Total

Accidental

Suicide

Homicide

Infections, Parasitic
Neoplasm, Malignant
Nervous System
Circulatory System
Digestive

Total

donflying Officers

Rancih Hand C1-C5
No. Rate No. Rate

Nonflying Enlisted

Ranch Hand €1-C5
No. Rate Nec. Rate
0 0.00 0 0.00
0 0.00 0 0.79
0 0.00 1 0.3
0 0.00 0 0.00
2 3.58 ! 0.3
0 0.00 0 9.00
0 0.00 3 1.07
0 0.00- 1 0.3
2 :

Al1 Nonflyers
Ranch Hand C1-C5

No. Rate No. Rate
0 0.00 0 0.00
0 0.00 0 0.00
0 0.00 1 0.34
0 0.00 0 0.00
2 3.43 1 0.34
0 0.00 ¢ 0.00
0 0.00 3 1.03
0 0.00 1 0.3
2 6

111

Al

Comparison
No. Rate
0
All
Comparison
No. Rate
4 0.38
1 0.10
1 0.10
1 0.10
2 0.19
1 0.10
11  1.06
2 0.1¥
22
All
Comparison
No. Rate
4 0.37
1 0.09
1 0.09
1 0.09
2 0.19
1 0.09
11  1.03
2 0.19
23




Jeaths and Death

Accidental

Suicide

Homicide

Infections, Parasitic
Neoplasm, Malignant
Nervous System
Circulatory System
Respiratory System
Digestive

I11-Defined

Total

Deaths and Death

Accidental

Suicide

Neoplasm, Malignant
Circulatory System
Respiratory System
Digestive
111-Defined

Total

TABLE 4 (Cont'd)
Rates by Cause and Group for 1983

A1l Personnel

ANl
Ranch Hand C1-C5 Ccomparison
No. Rate Yo. Rate No. Rate
0 0.00 0 0.00 9 0.49
0 9.00 2 0.33 5 0.27
0 0.00 1 0.17 1 0.05
0 0.00 1 0.17 2 0.11
2 1.65 4 0.67 13 0.71
0 0.00 0 0.00 2 0.11
0 0.c0 4 0.87 23 1.2%5
¢ 0.00 1 0.17 1 0.05
0 0.00 2 0.33 3 40.16
1 0.83 0 0.00 0 0.00
3 15 59
TABLE §

Rates by Cause and Group for 1984
Flying Officers

All

Ranch Hand C1-CS Comparison
No. Rate No. Rate No. Rate
G 0.00 1 06.48 3 0.60
0 0.00 2 0.96 2 0.40
n 0.00 2 0.9 7 1.40
1 2.35 1 0.48 5 1.00
0 0.00 1 0.48 1 0.20
0 0.00 0 o0.Co 1 0.20
0 0.00 0 0.00 1 0.20
1 7 20
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TABLE 5 (Cont'd)

Deaths and Neath Rates by Cause and Group for 1984

Accidental

Suicide

Homicide

Neoplasm, Malignant
Circulatory System
Respiratory System
Digestive

Unknown

Total

Accidental

Suicide

Homicide

Neoplasm, Malignant
Circulatory System
Respiratory System
Digestive
I11-Defined

Unknown

Total

Suicide
Total

Enlisted Flyers

Ranch Hand Cl-C5
No. Rate No. Rate
0 0.0 1 1.03
0 0.00 0 0.00
0 0.00 1 1.03
0 0.00 3 3.09
0 0.00 0 0.00
0 0.00 1 1.03
0 0.00 0 0.00
0 0.00 0 0.00
0 6
A1l Flyers |
Ranch Hand Cl-Cs
No. Rate No. Rate
0 0.00 2 0.85
0 0.00 2 0.35
0 0.00 1 0.33
0 0.00 5 1.64
1 1.60 1 ¢.33
0 0.00 2 0.65
0 0.00 0 0.0
0 0.00 0 90.00
0 0.00 0 0.00
1 13
Nonflying Officers
Ranch Hand C1-C5
No. Rate No. Rate
0 0.00 0 0.00
0 0
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3

1

1

7 0.91
2

2

1

1

All
Comparison
No. Rate

0.37.
0.37
0.37
1.49
0.75
0.37
0.37
0.37

e e R £ s e
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All
Comparison
No. Rate

0.52
0.39
0.13
1.43

0.26
0.26
0.13
0.13

Al
Comparison
No. Rate

1 3.59

1
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TABLE 5 (Cont'd)
Ceaths and Death Rate§ by Cause and Group for 1984

Nonflying Enlisted

AN

Ranch Hand Ci-CS Ccmparison

No. Rata No. Rata No. Rate
Accidental 0 0.00 0 0.C0 "6 0.58
Suicide 0 0.00 1 0.36 4 0.39 -
Neoplasm, Malignant 0 0.00 3 1.07 9 0.87
Nervous System 0 0.00 0 0.co 1 0.10
Circulatory System 0 0.00 5 1.79 15 1.45
Total 0 9 35

A1l Nonflyers

' All

Ranch Hand C1-CS Comparison

No. Rate No. Rate No. Rate
Accidental 0 0.0 0 0.c0 6 0.56
Suicide 0 0.00 1 0.34 5 0.47
Neoplasm, Malignant 0 0.00 3 1.03 9 0.35
Nervous System 0 0.00 0 0.00 1 0.09
Circulatory System 0 0.00 .5 1.1 15 1.41
Total 0 9 36

All P:rsonnel
Al

Ranch Hand . C1-C5 Comparison

No. Rate No. Rate No. Rate
Accidental 0 0.00 2 0.33 10 0.55
Suicide 0 0.00 3 0.5 8 0.44
Homicide 0 0.00 1 0.17 1 0.05
Neoplasm, Malignant 0 0.co 8 1.34 20 1.99
Nervous System 0 0.00 0 0.00 1 0.05
Circulatory System 1 0.83 6 1.00 22 1.20
Respiratory System 0 0.00 2 0.33 2 0.11
Digestive 0 0.00 0 0.00 2 0.11
I11-Defined 0 0.00 0 0.00 1 0.05
Unknown 0 0.00 0 0.00 1 0.05
Total 1 22 68

114




TA3LE 6
Ceaths and Death Races by Cause and Group for 1985
Flying Officers ‘
All
Ranch Hand C1-Cs Ccmparison
No. Rata No. Rate Ho. Rate
Accidental - 0 0.00 2 3.95 3 0.80
Neoplasm, Malignant 1 2.35 3 1.3 5 1.00
Circulatory System 9 0.C0 4 1.93 8 1.60
uigestive 0 0.co 1 0.48 1 0.20
Total 1 10 17
Enlisted Flyers
A1l
Ranch Hand C1-CS Comparison
No. Rate No. Rate No. Rate
Accidental 0 0.00 0 0.00 3 1.13
Neoplasm, Malignant 0 0.00 0 0.c0 4 1.50
Endocrine 0 0.00 1 1.04 1 0.38
Circulatory System 0 0.00 1 1.04 1 0.38
Digestive 1 5.07 1 1.04 2 0.75
Congenital Ancmalies 0 0.00 1 1.04 1 0.38
Total 1 4 12
All Flyers
Al
Ranch Hand Ci-Cs . Comparison
No. Rate No. Rate No. Rate
Accidental 0 0.00 2 - 0.56 6 0.78
Neoplasm, Malignant 1 1.61 3 0.99 9 1.18
Endecrine 0 0.00 1 0.33 1 0.13
Circulatory System . 0 0.00 3 1l.64 9 1.18
Digestive 1 1.51 2 0.66 3 0.39
Congenital Anomalies 0 0.00 1 0.33 1 0.13
Total 2 14 29
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Neoplasm, Malignant

Tatal

Accidental

Suicide

Homicide

Infections, Parasitic
Neoplasm, Malignant
Mental Disorders
Circulatory System
Respiratory System
Digestive
Genftourinary System
11 -Uefined

Total

Accidental

Suicide

Hemicide

Infections, Parasitic
Neoplasm, Malignant
Menta! Cisorders
Circulatory System
Respiratory System
Digestive
Genitourinary System
111 -Defined

Total

7A3LI 8 (Cont'd)

Henflying Officars

lanch Hand
do. Raza

0 0.%0
0

No.

0
N

Cl1-C3
Rats

n.co

Nonflyfng Enifsted

Ranch Hand
No. Rata

1.30
¢.Co
0.Co
0.ry
0.70
0.C0
1.80
0.00
0.C0
0.00
0.00

n COOCOrrROCOOOGC

No

2
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-
Fe

A1l Nonflyers

Ranch Hand
No. Rate

1.72
0.C0
0.00
0.00
0.00
0.00
1.72
0.00
0.00
0.C0
0.00

[h8 OCOOCrHOOOOO
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Cl-C5
. Rate

0.72
0.Co
0.co
0.co
1.44
0.C0
2.87
¢.co
0.00
0.Ga
0.Co

C1-CS
Rate

0.69
0.00
0.00
0.co
1.38
0.00
2.76
0.Co
0.00
0.Co
0.00

- 3ths and Death Ratas Sy Cause and 3roup for 1955

ATl
Ccmparison
49. Rata

1 3.51
1

All
Comparison
No. Rate

7 0.38
1 0.10
1 G.10
1 0.10
3 0.77
1 0.10
16 1.55
2 0.19
2 0.19
1 0.10
1 0.10
41

All
Ccmparison
No. Rate

7 0.66
1 0.09
1 0.09
1 4.09
9 0.85
1 0.09
16 1.51
2  0.19
2 .19
1 0.09
1 0.09
42
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TABLE 6 (Cont'd)

Deaths and Death Rates by Cause and Group for 1985

All Personnel

All
Ranch Hand €1-C5 Comparison
No. Rate No. Rate No. Rate
Accidental 1 0.83 4 0.67 13 0.71
Suicide 0 0.00 0 0.00 1 0.05
Homicide 0 0.00 0 0.00 1 0.05
Infections, Parasitic ¢ 0.00 0 0.00 1  0.05
Meoplasm, Malignant 1 0.83 7 1.18 18 0.99
Endocrine 0 0.00 1 0.17 1 0.05
Mental Disorders 0 0.00 0 0.00 1 0.05
Circulatory System 1 0.83 13 2.19 25 1.37
Respiratory System 0 0.00 ¢ 0.00 2 0.11
Digestive 1 0.83 2 0.34 5 0.27
Genitourinary System 0 0.00 0 0.00 1 0.05
Congenital Anomalies 0 0.00 1 0.17 1  0.05
I11-Defined 0 0.00 0 0.00 1 0.05
Total 4 28 71
TABLE 7
Group Site-Specific Neoplasm Mortality for 1983
Number of Deaths
Ranch Al
Category Hand Ci-C5 Comp
150-159 Digestive Organs and Peritoneum
150.9 Oesophagus, Unspecified 0 0 1
151.9 Stomach, Unspecified 1 0 0
153.4 Colon, Caecum 0 0 1
153.9 Colon, Unspecified 0 0 1
157.4 Islets of Langerhans J 1 1
160-165 Respiratory and Intrathcracic Organs
162.9 Bronchus and tung, Unspecified 1 2 4
170-175 Bone, Connective Tissue, Skin and Breast
172.5 skin, Trunk 0 0 1
190-199 Other and Unspecified Sites
199.1 Other, Unspecified 0 0 2
200-208 Lymphatic and Haematopoietic Tissue
200.1 Lymphosarcoma 0 1 1
202.8 Qther Lymphomas 0 0 1
Total 2 4 13
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TABLE 8
Group Site-Specific Neoplasm Mortality for 1984

Number of Deaths

Ranch Al
Category Hand Cl1-C5 Ccmp

140-149 Lip, vral Cavity and Pharynx

141.9 Tonque, Unspecified 0 0 1
150-159 Digestive Organs and Peritoneum

150.5 Qesophagus, Lower Third 0 0 1

153.9 Colon, Unspecified 0 1 3

154.1 Rectum 0 1 1

157.9 Pancreas, Unspecified 0 1 1
160-165 Respiratory and Intrathoracic Organs

161.9 Larynx, Unspecified 0 0 1

162.3 Upper Lobe, Bronchus or Lung 0 1 1

162.9 Bronchus and Lung, Unspecified 0 3 7
179-189 Genitourinary Organs

188.9 Bladder, Unspecified 0 0 !
190-199 Other and Unspecified Sites

155.0 Head, Face and Neck. 0 1 .

199.1 Other, Unspecified 0 0 2

Total 0 8 i)

TABLE 9
Group Site-Specific Neoplasm Mortality for 1985
Number of Deaths

Ranch All
Category Hand C1-C5 Comp

150-159 Digestive Organs and Peritoneum
150.9 Oesophagus, Unspecified
153.9 Colon, Unspecified
157.9 Pancreas, Unspecified
160-165 Respiratory and Intrathoracic Organs
162.3 Upper Lobe, Bronchus or Lung
162.9 Bronchus and Lung, Unspecified
190-199 Other and Unspecified Sites
191.9 Brain, Unspecified
195.0 Head, Face and Neck
199.1 Other, Unspecified

ono [N ol o
— e s

- (NN o) -0 [oR o=
[PVE SN D

~ Q- O

Total 18
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TABLE 10
Morphology of Malignant Neoplasms Deaths by Group for 1983

Number of Deaths

: Ranch All
Category Hand Cl1-C5 Comp

M8C0 Neoplasms NOS

150-159 Digestive Organs and Peritoneum G 1 2

160-165 Respiratory and Intrathoracic Organs 1. 2 2

150-199 Other and Unspecified Sites o 0 2
M801-M804 Epithelial Neoplasms NCS

150-159 Digastive Organs and Peritoneum 1 0 0
M805-M808 Papillary and squamous cell neoplasms

160-165 Respiratory and Intrathoracic Organs 0 Q 1
M814-M838 Adenomas and adenocarcinomas

150-159 Digestive Organs and Peritoneum 0 0 2

160-165 Respiratory and Intrathoracic Organs 0 0] 1
M372-M879 Naevi and melancmas

170-175 Bone, Connective Tissue, Skin and Breast 0 g 1
M955--MS63 | ymphomas NOS or diffuse ,

209-208 Lymphatic and Haematopoietic Tissue a 0 1
MI64 Reticulosarcomas

200-208 Lymphatic and Haematopoietic Tissue G 1 1

Total 2 4 13

TABLE 11

Morphology of Malignant Neoplasms Deaths by Group for 1984
. ‘Number of Deaths

Ranch AN
Category Hand Cl-C5 Comp

M800 Neoplasms NOS

150-159 Digestive Organs and Peritoneum

160-165 Respiratory and Intrathoracic Organs

179-189 Genitourinary Organs

190-199 Other and Unspecified Sites
M801-M804 Epithelial Neoplasms NOS

150-159 Digestive Organs and Peritoneum

160-165 Respiratory and Intrathoracic Organs
M805-M808 Papillary and squamous cell neoplasms

140-149 Lip, Oral Cavity and Pharynx

160-165 Respiratory and Intrathoracic Organs
M814-M838 Adenomas and adenocarcinomas

150-159 Digestive Organs and Peritoneum
M856-M858 Complex epithelial neoplasms

190-199 Other and Unspecified Sites
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TABLE 12
Morphology of Malignant Neoplasms Deaths by Group for 1985

Number of Deaths

fanch All
Category Hand Cl-C5 Comp

M800 Neoplasms NOS

150-159 Digestive Organs and Peritoneum 0 0 1

160-165 Respiratory and Intrathoracic Organs 0 3 5

190-199 Other and Unspecified Sites 0 0 2
M801-M804 Epithelial Neoplasms NOS

160-165 Respiratory and Intrathoracic Organs 1 1 3
M805-M8C8 Papillary and squamous cell neoplasms

190-199 Other and Unspecified Sites 0 1 2
M814-M838 Adenomas and adenocarcinomas

150-159 Digestive Organs and Peritoneum 0 1 2

160-165 Respiratory and Intrathoracic Organs 0 1 1
MSC6-MS09 Germ cell neoplasms

190-199 Other and Unspecified Sites 0 0 1
M938-M948 Gliomas

190-199 Other and Unspecified Sites 0 Q 1

Total 1 7 18

TABLE 13 .
Group Site-Specific Nonmalignant Digestive System Mortality for 1983
Number of Deaths

Ranch All
Category Hand C1-C5 Comp
5§70-579 Digestive System, Other .
571.2 Alcoholic Cirrhosis of Liver 0 1 1
571.5 Cirrheosis of Liver, Nonalcoholic 0 0 i
572.9 Other Sequelae of Chronic Liver Disease 0 1 1
Total 0 2 3
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TABLE 14

Group Site-Specific Nonmalignant Digestive System Mortality for 1984

Number of leaths

Ranch Al
Category Hand C1-C5 Comp
530-537 Cesophagus, Stomach and -Ducdenum
532.4 Duodenal Ulcer with Haemorrhage ) 0 0 1
570-579 Digestive System, Qther
571.3 Alcoholic Liver Damage, Unspecified 0 0 1
Total 0 0 2
TABLE 15

Group Sfte-Specific Nonmalignant Digestive System Mortality for 1985
Number of Deaths

Ranch All
Category Hand C1-C5 Comp

540-543 Appendicitis
540.9 Acute Appendicitis, Peritonitis
570-579 Digestive System, Other
571.2 Aicoholic Cirrhosis of Liver
571.3 Alcoholic Liver Damage, Unspecified
5§71.5 Cirrhosis of Liver, Nonalcoholic
572.3 Portal Hypertension
572.9 Other Sequeiae of Chronic Liver Disease
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